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INTRODUCTORY 


I nave been for some time interested in tracing the 
history of the various species and races of nothera 
from the early records of their introduction into Europe. 
This method is accompanied with many difficulties 
which only those know who have attempted it. Con- 
clusions which seem justified in the light of the data 
in hand sometimes require modification when further 
records are examined. In a previous note in Science 
(710), and especially in a longer paper (’1la) since pub- 
lished, I have brought together much of the data on 
which our knowledge of the early introduction of these 
forms into cultivation must rest... Since that time I 
have been able to supplement those data by an examina- 
tion of further records, and particularly of some of the 
type specimens of these plants in European herbaria. 
These have confirmed some of my previous conclusions 
and necessitated modifications of others. Herbarium 
specimens, where available, are of course the final court 
of appeal concerning the characters of any plant, but 
unfortunately they are not infrequently incomplete or 
even entirely lacking. My examination shows that prob- 
ably a number of nothera races existed two or three 


* Hill (’11) has also briefly discussed the subject and added some data. 
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centuries ago which are not known to occur in America 
to-day. 

The O. Lamarckiana of de Vries’s cultures is not the 
only @nothera which is no longer known to be wild in 
this country. The same is true of the ‘‘European Di- 
ennis ’’ so-called, and of a race of O. biennis having very 
crinkled leaves, which I have cultivated from the Chelsea 
Physic Garden. It is not sufficiently kept in mind that 
the collector or species-maker necessarily abstracts. 
One form, or at best a very few, are selected for seeds or 
for description as types, from a population containing 
often a large number of closely allied races; for nature 
does not select between these races unless the differen- 
tiating characters are of value in the survival of the 
organism, and this appears often not to be the case. In 
this manner two or three centuries ago various races of 
(Enothera were selected and taken to Europe to be 
propagated in botanical gardens, but it is evident that 
many more races were left behind, and since the incom- 
ing of civilization some of these have probably disap- 
peared. In nature, among open-pollinated (allogamous) 
plants (and presumably among a great many animals) 
there is no such thing as a ‘‘pure’’ species which will 
breed true in all its characters, showing only purely 
fluctuating variability. It is only by selecting and in- 
breeding for a few generations, that we get ‘‘pure lines.”’ 
The only pure lines in nature are to be found among 
strictly self-fertilized (autogamous) forms. This idea, 
which has been emphasized by Cook (’07), seems to be 
too frequently lost sight of in evolutionary studies. The 
pure line, while a valuable and necessary means of 
analyzing various problems of heredity, is essentially a 
laboratory product seldom duplicated in nature among 
allogamous plants. By continued inbreeding and selec- 
tion to smaller and smaller differences, races which are 
more and more uniform may be obtained, as the ‘‘pure 
line’’ work tends to show. But the natural wild species 
must (unless regularly self-fertilizing) be looked upon 
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as an intercrossing population of races, whose appear- 
ance is ever changing (within limits) from generation 
to generation, according to the particular series of crosses 
or selfings which happen to occur in each generation. 
Some of the races are likely to fluctuate in numbers or 
be dropped out entirely as conditions change. The way 
in which the face of the population changes from one 
generation to another will, of course, depend upon how 
the character-differences are inherited, but we need not 
consider that question here. 

It therefore seems to be idle to inquire whether in 
this sense crossing of the allogamous cenotheras, such 
as O. Lamarckiana and O. grandiflora, has taken place, 
for we must assume that it has occurred, in the wild 
condition as well as in gardens. Our ‘‘species’’ (par- 
ticularly the earlier ones, when less fine distinctions 
were drawn than now) are founded upon certain chance 
combinations resulting from such crosses, which have 
attracted attention and been abstracted and rendered 
uniform by continued self-pollination. Nature herself 
is oblivious of the boundaries between ‘‘species’’ so 
long as, when crosses occur, the progeny are fertile, and 
this is frequently the case in @inothera. 

I am greatly indebted to Dr. B. Dayton Jackson, gen- . 
eral secretary of the Linnean Society, for the privilege 
of examining the type specimens of Linnezus’s ‘‘Species 
Plantarum,’’ and to Dr. A. B. Rendle and his colleagues 
of the British Museum (Natural History) for courtesies 
in connection with the examination of extensive @no- 
thera collections, including the plants of Linnzus’s 
‘‘Hortus Cliffortianus’’ and various early American 
collections. 

The species of /nothera which need particularly to 
be accounted for are what we now know as O. muricata 
L., O. biennis L., O. Lamarckiana Ser. and O. grandi- 
flora Ait. Each of these ‘‘species’’ is really an aggre- 
gation of a large number of races, differing in many 
characters but having certain features in common. It 
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becomes a question how many of these races are to be 
included in each ‘‘species,’’ and it is often a purely arbi- 
trary matter whether the line between two of the species 
shall be drawn so as to include certain races in one or 
the other. 

As an instance of this I may cite the case of O. biennis 
L. and O. muricata L. I have eultivated many wild races 
of both, including races of O. muricata from such locali- 
ties as Woods Hole, Mass., Gay Head, Mass., Seal 
Harbor, Me., Middleton, N. S., St. John, N. B., Winni- 
peg, Man., and St. Paul, Minn. Certain of the races, for 
instance from St. John and Winnipeg, appeared to be 
identical, but in most cases they produced uniform races 
differing constantly in such features as width and color 
of leaves (varying in different races from very narrow 
to very broadly lanceolate) and average height of the 
plant, as well as other characters. The only feature in 
which all agreed was in certain flower characters, all hav- 
ing a smaller flower than O. biennis. In most cases the 
leaves are also narrower than in O. biennis, but as certain 
races having smaller flowers than O. biennis also have 
broad leaves, it becomes an arbitrary distinction whether 
these races be included in O. biennis on the basis of their 
broad leaves or in O. muricata on the basis of their 
smaller flowers. The latter course has been followed 
and they are accordingly classed as O. muricata races. 
On this basis, the only distinction between O. biennis 
forms and O. muricata forms is in the size of the flow- 
ers, and even this distinction is an arbitrary one. I will 
not discuss in this connection certain interesting ques- 
tions relating to the geographical distribution of these 
races. 

My cultures have similarly isolated a number of races 
of O. biennis, some of which differ from each other in 
most unexpected characters. There is a wide range of 
variation in flower-size in the different races of O. bi- 
ennis, as there is also to a less extent in O. muricata. 
The general distinction is usually drawn, that self-polli- 
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nating forms (i. e., those having a short style so that the 
anthers surround the stigma in the bud) shall be classed 
as O. biennis, and forms with a long style, hence open- 
pollinated, shall be included in the O. Lamarckiana or 
O. grandiflora series of forms. Yet O. Simsiana Ser. is 
a species having large flowers and a short style. The 
‘‘Huropean biennis’’ has flowers which are larger than 
any known American races, but it is conveniently classed 
as O. biennis on the basis of its short style. The ques- 
tion as to the characters of the particular plant on which 
_the species name was originally based, also of course 
enters here. In connection with the early records, her- 
barium specimens and figures are the chief means of 
determining approximately the race to which a plant 
under a given name belonged. The present paper con- 
tains the writer’s further conclusions concerning these 
various races and species, and the reader will constantly 
be referred in this connection to the extensive data al- 
ready brought together in the paper previously men- 
tioned (Gates, ’1la). 


Earty Recorps anp HERBARIUM SPECIMENS 


We may now consider the identity of these various 
forms in succession. In the paper just mentioned I have 
given the nine species of Onagra listed by Tournefort 
in his ‘‘Institutiones Rei Herbarie,’’ 1700. Of these the 
first five are enotheras. Species number five, Onagra 
angustifolia, caule rubro, flore minori, I have already 
concluded (loc. cit., p. 87) is our present O. muricata L., 
on the basis of Barrelier’s figure (Lysimachia angusti- 
folia, spicata, lutea, Lusitanica, fig. 990 in ‘‘ Plante per 
Gall., Hisp. et Italiam observate,’’ 1714). This conclu- 
sion is now shown to be correct by Plukenet’s figure in 
the ‘‘Almagestum’’ under the name Lysimachia lutea, 
corniculata, angustifolia, flore minore (t. 202, f. 7), 
which represents a small-flowered @nothera with nar- 
row leaves. The final proof is given by an examination 


it 
ny 
i 
th 
4 


582 THE AMERICAN NATURALIST [Vou. XLV 


of the specimen (probably the one from which the figure 
was drawn) in Plukenet’s ‘‘Herbarium,’’ Vol. 96, f. 167, 
which is in the British Museum. The flowers of this 
specimen are much smaller than in O. biennis and the 
leaves are narrow, making it evidently a race of O. 
muricata. Linneus afterwards (quite incorrectly) 
(‘‘Sp. P1.,’’ p. 346) combined it with his species O. fruti- 
cosa. A type of the latter species is a specimen collected 
by Clayton in Virginia, and is from the herbarium of 
Gronovius in the British Museum. It represents a race 
of the modern O. fruticosa L. That the error of com- 
bining Tournefort’s species with this was afterwards 
recognized is shown by the fact that in an annotated 
copy of the ‘‘Species Plantarum,’’ 2 edition, 1762, in the 
possession of the Linnean Society, the citation of 
““Onagra angustifolia, caule rubro, flore minore Tournef. 
inst. 302’? under O. fruticosa L. is crossed out. Type 
specimens of both O. fruticosa and O. muricata for the 
‘‘Species Plantarum’’ are to be found in the Linnean 
Herbarium. The latter differs from the type specimen 
of O. biennis (which will be referred to later) in having 
somewhat smaller flowers, more numerous long hairs on 
the sepals, narrower and more pointed leaves, and nu- 
merous conspicuous murications (long hairs arising 
from papillz) on the stem. 

We may now take up the consideration of Tourne- 
fort’s first three species and their synonyms. In my 
former paper I was strongly of the opinion that species 
(I) represented a plant which was more closely related 
to O. Lamarckiana than to O. biennis, although not 
identical with any known form, except possibly O. levi- 
folia. The large flowers and quadrangular buds, as well 
as a consideration of the synonymy, seemed to demand 
that it be placed with the O. Lamarckiana series of forms, 
rather than with O. biennis or O. grandiflora. A subse- 
quent examination of certain early specimens has thrown 
doubt upon this opinion. I have shown (J. c.) that the 
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Lysimachia lutea corniculata of Bauhin,? which Tourne- 
fort cites as a synonym for his Onagra latifolia, is the 
same plant, or at any rate the same description, as 
Morison’s Lysimachia lutea corniculata non papposa 
and Ray’s Lysimachia lutea Virginiana. The crucial 
point in this early svnonymy seems to be in Barrelier 
(1714), who gives rather accurate figures of three 
species of cenothera, together with their synonymy (see 
Gates, ’1la, p. 102). His species (1) is quite certainly a 
race of O. biennis, his species (2) is with equal certainty 
a race of O. muricata, and (3), which has much larger 
flowers, must, I think, belong somewhere in the series of 
large-flowered forms represented by O. grandiflora and 
O. Lamarckiana. The fact that the name Lysimachia 
lutea, corniculata, latifolia, Lusitanica under which Bar- 
relier figures his species (3) is almost identical with the 
name Lysimachia Virginiana latifolia, lutea, cornicu-. 
lata under which Morison figures his large-flowered 
form (Fig. 7), made it probable that Barrelier’s species 
(3) reférred to the same plant as Morison’s figure. How- 
ever, this can not be certain. But I regard it as quite 
certain that the plant figured by Morison (Fig. 8) under 
the name Lysimachia Virginiana angustifolia, cornicu- 
lata (see Gates, ’1la, p. 99) is O. muricata. The diam- 
eter of the flowers in his Fig. 7 is exactly three times that 
in Fig. 8. Now Gray’s ‘‘Manual,’’ ed. 7, gives the 
length of petals in O. muricata as 12-20 mm., in O. bi- 
ennis as 15-25 mm., and in O. grandiflora as 40-60 mm., 
so that the flowers of O. grandiflora (or O. Lamarckiana) 
would be approximately three times the diameter of 
those in O. muricata, while even the ‘‘ Kuropean biennis’’ 
could seareely reach these dimensions. This appears to 
be an additional reason for supposing that Morison’s 
larger-flowered plant came in the series represented by 


?On inquiry from Professor A. Fischer, director of the Botanische 
Anstalt, Basel, Switzerland, where Bauhin’s Herbarium is kept, I find that 
the specimen of Lysimachia lutea corniculata, along with about two thirds 
of his collection, was discarded as spoiled when the Herbarium was reno- 
vated several years ago. 
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O. grandiflora and O. Lamarckiana rather: than in O, 
biennis, but as already stated, an argument of this nature 
can not reach finality. Whether Morison’s Fig. 7 repre- 
sents one of the grandiflora-Lamarckiana series or the 
‘*Kuropean biennis,’’ it seems certain that Barrelier’s 
species (3) came in the large-flowered, open-pollinated 
series represented by O. grandiflora or O. Lamarckiana. 

Unfortunately, the actual specimens in the British 
Museum, which bear these early names of Tournefort 
and are supposed to have served as the types for the 
‘‘Hortus Cliffortianus,’’ are not fully authenticated. 
The handwriting is said not to be that of Linneus, and 
certain differences between the names employed and 
those which Linneus himself would probably have used, 
seem to indicate that they were written by an amanuen- 
sis or that some mistake occurred in the naming. This 
deprives us of certainty in regard to the names they 
bear. The characters of the specimens themselves are 
very well preserved. The first specimen (which I shall 
refer to as specimen 1) bears on the label the name 
‘‘Onagra latifolia flore sulphureo’’; the second speci- 
men (2), ‘‘Onagra latifolia. T. 302,’ and beneath it is 
written ‘‘Cnothera octovalvis.’’ But O. octovalvis was 
a species of Jussieua. These two specimens are identi- 
eal in every character. They represent evidently a race 
of the ‘‘European biennis’’ having larger flowers than 
American forms of O. biennis, though not so large as 0. 
Lamarckiana. The style is short so that the stamens 
surround the stigma, the buds bear some long hairs, red 
papilla oceur on the stem, and the leaves are rather 
broadly lanceolate. The stigma lobes are remarkably 
long in all the flowers on both specimens. These two 
specimens may have served as the types of Linneus’s 
species (1) in Hort. Cliff. (see Gates, ’1la, p. 102). As 
far as the characters of these specimens are concerned, 
they really resemble 0. Lamarckiana more than they do 
the American races of O. biennis, but are classed with 
O. biennis because the flowers are self-pollinating. 
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The next specimen (3) in this series is one bearing the 
label Onagra latifolia, flore dilutiore T. 302. As a mat- 
ter of fact, it differs remarkably little from the two 
specimens just described. The leaves and stem show no 
visible difference at all, but the petals appear to have 
been slightly smaller. The flowers differ markedly, 
however, in having longer styles, so that the stigma pro- 
jects some distance beyond the stamens. The stigma 
lobes are also very short, differing conspicuously in this 
respect from those of the specimens above. This speci- 
men is something of a puzzle. It was apparently open- 
pollinated because of its long styles. Yet its flowers 
were no larger than those of the ‘‘ European biennis.’* 
It shows that races may have existed and disappeared, 
which were quite different from anything we know at 
present. Whether this form shall be classed with the 
‘‘Kuropean biennis’’ on account of the size of its flow- 


ers, or with O. Lamarckiana on account of its long style, 
appears to be an arbitrary matter. Such specimens 


serve to show that the range of ‘‘variability’’ of these 
cenotheras in certain directions may have been formerly 
much greater than would be supposed from a study of 
those races which have survived to the present day. 
Another interesting specimen (4) in this collection is 
one marked Onagra latifolia Tourn. with the date 1743 ° 
and a number, 1082. I am indebted to Dr. Rendle for the 
explanation of the history of this specimen. Sir Hans 
Sloane contributed to the Herbarium of the Royal So- 
ciety each year for a number of years, fifty specimens 
from plants grown at the Chelsea Physic Garden, and 
these were numbered consecutively. This plant was 
therefore grown in the Chelsea Physic Garden in 1743. 
It is apparently the same as specimens (1) and (2) al- 
ready described as probable types for the ‘‘ Hort. Cliff.’’ 
Some of the stem leaves have short petioles and sloping 
base, others are apparently sessile with broadened base. 
The next specimen (5) has the same history as the 
last. It bears the date 1779 and the number 2878. The 
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label reads ‘‘@inothera biennis foliis ovato-lanceolatis 
planis, caule muricato subvilloso Lin.: Spec. Plant. 492. 
Lysimachia lutea corniculata. Bauhin: pin. 245.’’ This 
specimen has smaller flowers than the previous ones, the 
flowers being the same size as the American races of 0. 
biennis. The leaves are very broadly lanceolate, sharply 
narrowed at base to a very short petiole, and appear to 
be of a different shape from those of any American 
biennis I have seen. The stem bears scattered papille 
from which long hairs arise. 

A consideration of these five specimens makes it 
highly probable that Tournefort’s Onagra latifolia and 
Bauhin’s Lysimachia lutea corniculata belonged to what 
we now for convenience call the ‘‘Kuropean biennis’’ 
rather than to the larger-flowered, longer-styled, O. 
Lamarckiana. Yet specimen (3) with its long style 
though the flowers are the same size as in the European 
biennis, makes it impossible to be dogmatic as to where 
the line is to be drawn between the O. Lamarckiana and 
the O. biennis series of forms. If these specimens are 
correctly labeled, then there must have been compara- 
tively little difference between Tournfort’s species (1) 
and (2), (1) representing the ‘‘Kuropean biennis’’ and 
(2) a form probably open-pollinated but with flowers 
smaller than the present O. Lamarckiana. The ‘‘long 
and narrow pale green leaves’’ of Bauhin’s and Parkin- 
son’s plant (see Gates, ’1la, pp. 91 and 95) would indi- 
cate that it differed in certain features from any race of 
the European biennis now known. 

As already pointed out, the synonymy as well as the 
flower-size would indicate that Morison’s larger-flow- 
ered plant Lysimachia Virginiana latifolia lutea, corni- 
culata was the same as Barrelier’s Lysimachia lutea, 
corniculata, latifolia, Lusitanica which is undoubtedly a 
large-flowered form. However, it seems on the whole 
more probable that Morison’s plant was the same as 
Bauhin’s, whose description he copies. In any case it 
seems clear that Barrelier’s Lysimachia lutea, cornicu- 
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lata, latifolia, Lusitanica was a large-flowered form be- 
longing in the grandiflora-Lamarckiana series, and there 
is no reason to doubt that his citation of Tournefort’s 
Onagra latifolia, floribus amplis as a synonym is cor- 
rect. It is therefore highly probable that Tournefort’s 
species (3) represents O. grandiflora, or perchance O. 
Lamarckiana or some race between these two as we now 
know them. 

The type specimen of Linneus’s O. biennis in the 
‘‘Species Plantarum’’ (to be found in the Linnean Her- 
barium) is, however, not the ‘‘European biennis,’’ but 
a smaller-flowered form representing one of the Ameri- 
ean races of O. biennis, having rather narrowly lanceo- 
late stem leaves. I have already pointed out (’1la, p. 
104) that Linneus does not cite figures of this form in 
his synonymy, although a good figure by Barrelier was 
in existence. Instead he cites Morison’s figure which 
now appears most probably to have been the ‘‘ European 
biennis,’’ and in the ‘‘Hort. Cliff.’’ he cites Barrelier’s 
figure of Lysimachia lutea corniculata latifolia lusitanica, 
which was undoubtedly a large-flowered form. 

To summarize briefly the conclusions which seem 
justified from all the available data, it appears that the 
earliest introduction, as represented by the plants of 
Bauhin, Parkinson, Morison and Ray, belonged to a: 
race of what we now know as the ‘‘ European biennis,’’ 
having flowers larger than the present American races 
but self-pollinated, although an open-pollinated form 
with long style appears also to have occurred (speci- 
men 3). O. muricata was recognized by Tournefort in 
1700, and both O. muricata and the ‘‘ American biennis’’ 
were figured by Barrelier in 1714, in addition to a large- 
flowered species which must have been related to O. 
grandiflora or O. Lamarckiana. This large-flowered 
form appears to have been first recognized and briefly 
described by Ray in 1686 (see Gates, ’1la, p. 100). Dif- 
ferent hypotheses as to the relation between O. grandi- 
flora and O. Lamarckiana will be considered later in this 
paper. 
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O. grandiflora Ait. 

In a previous paper (’lla, p. 110) I reproduced the 
manuscript of L’Heritier’s description of O. grandi- 
flora, which was written about 1788 but was never pub- 
lished. The type specimen of O. grandiflora in the Brit- 
ish Museum was grown in the garden of Dr. Fothergill 
in 1778. It has-narrowly lanceolate leaves and slender 
hypanthia, agreeing exactly with some of the plants in 
my cultures of O. grandiflora from Alabama. Solander 
really did the descriptive work upon this form, and the 
species should have been given his name instead of that 
of Aiton. In Vol. IX, p. 387, of the Solander manu- 
seripts, which are in the British Museum, he gives the 
following additional notes on this plant of Bartram and 
Fothergill: ‘‘(Enothera grandiflora foliis lanceolatis 
denticulatis villosiusculis, petalis cuneiformibus, calyci- 
bus aristatis, pilis caulinis basi tuberculosis. Habitat in 
America septentrionalis prope Mississippi. Bartram 
Junr.’’ These characters serve further to identify the 
plant with the present O. grandiflora, the words ‘‘petalis 
cuneiformibus’’ and ‘‘calycibus aristatis’’ being partic- 
ularly distinctive. 

Evidence from Later Herbarium Specimens.—I may 
now refer to a number of specimens in the British Mu- 
seum, which are of special interest for one reason or 
another. The first of these specimens was marked 
grandiflora Lin: Willd.,’’ the species name 
being crossed out and ‘‘longiflora’’ written above it. 
On the back of the page is written ‘‘Herb. Demidoff. 
Pallas.’’ This applies to plants grown by Demidoff in 
his garden, founded at Moscow in 1756. This specimen 
differs from the type specimen of O. grandiflora in hav- 
ing larger stouter buds, very much stouter hypanthia, 
larger flowers, leaves narrow but shorter than the type 
of O. grandiflora. It appears to resemble O. rubrinervis 
more than any other form, but has stouter hypanthia 
than I have ever seen in this mutant. 

Another specimen bears the following label: ‘‘Bar- 
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clay. Cnothera sp. Shrubby, 3 feet high, flowers yel- 
low. Hab. hilly. Bodegas.’’ This plant from Ecuador 
has flowers the size of O. Lamarckiana, many long hairs 
on the sepals and young leaves, the leaves being rather 
narrowly lanceolate, petiolate. The plant must have 
been very much like O. rubrinervis, though differing 
somewhat in leaf characters. Ecuador is an unexpected 
place to find plants having these characters. 

A very interesting sheet bears the name O. biennis L. 
var. muricata Torr. & Gray. It was collected by Dr. 
Wm. M. Bell, of London, in the Raton Mountains (which 
extend from southern Colorado to New Mexico) in 1867, 
There are two specimens and several extra flowers and 
buds. The flowers are as large as those of O. Lamarcki- 
ana, the style is long so that the flower is open-polli- 
nated; the hypanthium and bud cone bear numerous 
long hairs; the buds are the precise size and shape of O. 
rubrinervis; the stem leaves are more narrowly lanceo- 
late than O. Lamarckiana but are often broad and sessile 
at base like that form. This plant is strikingly like O. 
rubrinervis in every particular, except that the upper 
stem leaves are perhaps a little narrower. The pre- 
sumption is that these plants were collected in the wild 
condition, and I have found no reason for supposing 
otherwise. This would seem to support the view that © 
these Lamarckiana forms were formerly found wild in 
the western region, although it has been suggested that 
the Texas plants, from which de Vries’s cultures appear 
to have originated, were perhaps descended from 
garden seeds. 

Another very interesting specimen is marked ‘‘ Onagra 
guttata Greene n. sp., New Mexico, 1904. Alt. 6600 
feet.’’ Its leaves are very narrowly lanceclate (much 
narrower than O. levifolia); the stems red, with many 
red papille bearing long hairs; the flowers are large, 
style long, and there are many long hairs on the sepals, 
which also have red bands like O. rubrinervis. 

These specimens show that forms having large flow- 
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ers, which belong in the O. Lamarckiana series, occur in 
the western region. One of these specimens is scarcely 
if at all distinguishable from O. rubrinervis. Contrary 
to the opinion sometimes expressed, I have found her- 
barium specimens of great value in determining the ex- 
act characters of many of these races. There would be 
no excuse for one familiar with the characters of the 
plants from cultures, failing to discriminate easily be- 
tween, for example, O. grandiflora and O. Lamarckiana, 
from herbarium specimens showing merely a flowering 
shoot. And much less conspicuous differences than 
these, for example in the width or shape of leaves, can 
be determined with equal accuracy... For example, no 
one who is familiar with the plants in cultures would 
confuse typical herbarium specimens of O. Lamarckiana 
and O. rubrinervis. 

Hypotheses Concerning the Origin of O. Lamarckiana. 
—There has long been a disposition to look upon 0. 
Lamarckiana as a ‘‘hybrid’’? and to suppose that, on 
this account, the phenomena of the sudden appearance 
of aberrant types (as described by de Vries), displayed 
by this form, are necessarily deprived of evolutionary 
significance. This latter view is one which I do not 
share. As already pointed out, I consider it necessary 
to regard open-pollinated forms as hybrids in the sense 
that their immediate ancestry has been participated in 
by many races differing in various characters. The germ 
plasm of such forms is like an unpurified chemical or 
mixture of chemicals and can only be ‘‘purified’’ by con- 
tinued self-pollination. This ‘‘impure’’ condition is the 
one under which the evolution of open-pollinated plants 
or interbreeding animals goes on, and any assumption 

5Tt might be pointed out that the flower characters (which are the crucial 
characters in many Gnothera crosses) of the ‘‘ European biennis’’ are such 
as might be expected if it were a ‘‘hybrid’’ between some race of the 
American biennis and some large-flowered form in the O. Lamarckiana 
series. Perhaps it originated as such a hybrid, but the contemplation of 
the fact is, in itself, of little value for the study of progressive evolution. 


For practical evolutionary studies, the only universal criterion of a species 
must be that it breeds true to its peculiarities. 
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to the contrary merely distorts the facts. If it be as- 
sumed that O. Lamarckiana is the sudden product of a 
single cross between two rather more widely separated 
species, the situation is slightly though not fundamen- 
tally changed. As regards O. Lamarckiana, the only 
forms we know which could reasonably be supposed to 
be its ancestors in this way would be O. biennis and O. 
grandiflora, as I have already pointed out (Gates, ’1la, 
p. 119). There have doubtless been plenty of opportuni- 
ties for these species to cross in Botanical Gardens and 
they have doubtless done so, since the evidence seems 
clear that certain races belonging to these two ‘‘species’’ 
were recognized as early as 1686 by Ray as under culti- 
vation. But these species both came from the Virginian 
region, where there is ample evidence that O. grandi 
flora as well as O. biennis originally grew wild, and 
where the former species was commonly found as late 
as 1820 (Barton’s ‘‘Flora of North America,’’ plate 6). 
Under these circumstances there must have been plenty 
of opportunities for O. grandiflora to be pollinated from 
O. biennis (these forms are visited by moths in the even- 
ing when the flowers open), and it would be a bold as- 
sumption to suppose that such crosses had not taken 
place centuries before the white man came to America. 
Hence if this were the manner of origin of O. Lamarcki- | 
ana, it must have originated in nature long ago. Of 
course itis well-known that many such species-hybrids are 
sterile so that when they occur they fail to bridge the 
gap between species or to take any part in those species’ 
subsequent history and evolution. Assuming that 0. 
Lamarckiana originated in this way, its fertility makes 
its presence in the population of forms of equal im- 

*I have grown cultures of enotheras from nearly all the European botan- 
ical gardens. The self-pollinating forms are generally quite uniform, while 
the open-pollinating forms frequently show much variability, which is evi- 
dently in part at least the result of crossing. My cultures of O. grandiflora 
from its wild locality in Alabama also show that it contains various aber- 
rant types. On the other hand, it is also true that the self-pollinating 


O. biennis in some localities contains more than one type, but in the case 
of O. biennis it is not probable that these types have arisen through crossing. 


4 
} 
‘ 
| 
ey 
Hi 
if} 
ft 
iad 
a 


592 THE AMERICAN NATURALIST [Vou. XLV 


portance with that of the two parent species, for it will 
take an equal part in producing descendants. Further- 
more, crossing between the new hybrid forms and the 
parents will go on indefinitely, producing a host of inter- 
breeding races, and this population will constitute the 
material for further evolution. 

I have been studying this process by means of cul- 
tures from seeds of plants on the sand dunes near Liver- 
pool, England, where biennis, Lamarckiana and grandi- 
flora have been interbreeding freely for at least a cen- 
tury, producing a host of races (including several of the 
mutants of O. Lamarckiana), some of which split, but 
many are found to breed true for at least two genera- 
tions. It seems to me that the question to ask regarding 
these races is not as to whether they have originated in 
connection with crossing, for it is certain that they have 
originated at least in the presence of conditions in which 
crossing is taking place in every generation. The ques- 
tion is rather what relation (if any) these races bear to 
the previous evolution of these forms, whether any of 
them are progressive in the sense that they will supplant 
the other races and become the progenitors of future 
generations, to the exclusion of those which were for- 
merly progenitors. In other words, are the new races 
progressive in the sense that they show some further de- 
velopment of any character or some new departure in 
comparison with the parental types, and are they also 
capable of surviving, propagating themselves and ulti- 
mately becoming important elements of the population, 
from which new races may in turn develop? Does 
crossing ever lead to the appearance of new and pro- 
gressive types by the disturbance it produces in the germ 
plasm, rather than by the mere combination and redis- 
tribution of the characters of the forms it brings to- 
gether? Or is mutation a process apart from any germ- 
inal disturbance resulting from crossing? The answers 
to these questions are often very difficult, but upon these 
answers depends in large part the status which will ulti- 
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mately be given to the mutation phenomena in O. La- 
marckiana as an evolutionary factor.® 
Is O. Lamarckiana obtained from O. grandiflora 60. 
biennis?—Before pursuing further the subject of the 
eause of the mutations in O. Lamarckiana, let us ex- 
amine the hypothesis that O. Lamarckiana is the result 
of a direct cross between O. biennis and O. grandiflora, 
for while, since O. Lamarckiana must be assumed to 
have undergone crossing in any case, it is not of vital 
significance just what those crosses may have been, yet 
it would be of interest if it could be shown that O. La- 
marckiana has arisen and can be synthesized, as the re- 
sult of a single cross. Davis (’11) has recently at- 
tempted to produce O. Lamarckiana in this manner. His 
descriptions, however, fail to state the points in the 
characters of his hybrids, which any one who is familiar 
with these plants would like to know. Particularly does 
he omit to state how the bud characters of his hybrids 
differ from those of O. grandiflora. It is stated that the 
hybrids are in general intermediate between the parent 
species. This would be expected, at least as regards the 
flower characters, from the behavior of other hybrids in 
cenothera, e. g., O. Lamarckiana X O. biennis. The 
flower characters in this cross are nearly intermediate, 
though resembling biennis more than Lamarckiana. I 
have observed closely the flower characters of many 
crosses, including hybrids between series of forms be- 
longing respectively to O. grandiflora and O. La- 
marckiana, and the flowers are usually intermediate in 
their characters, though sometimes nearer one parent 
than the other. If the flowers of Davis’s cross are also 
°It might be assumed that O. biennis and O. grandiflora were the original 
forms to become naturalized on the English sand dunes, and that O. La- 
marckiana has since appeared as the result of crossing between these races. 
If this is the case, then O. Lamarckiana (and many related races which 
have resulted from further crossing and mutation) has since been successful, 
under the new conditions, in supplanting the parent forms to a large extent. 
We should, therefore, in any case, expect these 0. Lamarckiana forms to 


become the progenitors of the future generations, and to determine in 
greater part the future evolution, whatever that might be. 
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a blend of the parents, as he states (’11, p. 213), then 
they can not be the same as the flower characters of 0. 
Lamarckiana. Tf, on the other hand, the flowers are as 
he states, ‘‘searcely distinguishable from those of O. La- 
marckiana,’’ then they are not a blend of the parental 
characters. 

I have previously pointed out the differences between 
O. grandiflora and O. Lamarckiana (Gates. ’99a, pp. 
131, 132) and Miss Vail (in MacDougal, Vail and Shull, 
07, p. 66) has described the characters of O. grandi- 
flora in detail. For convenience, the flower differences 
between O. biennis, O. grandiflora and O. Lamarckiana 
may be summarized here. QO. biennis has small flowers, 
in which the stamens surround the stigma in the bud. 
The anthers are in contact with the stigma in the bud 
and are ruptured before the bud opens, so that when the 
opening of the flower occurs, and the anthers move away 
from the stigma, viscous strings of pollen are found 
running from each anther to a lobe of the stigma in the 
newly opened flower. Self-pollination thus invariably 
takes place in O. biennis. In neither O. Lamarckiana 
nor O. grandiflora does this happen, for the reason that 
the style is longer so that the stigma lobes, instead of 
being surrounded by the anthers, are projected above 
them. The anthers are ruptured as early as in O. biennis, 
but not being in contact with the stigma lobes, the 
strings of pollen seen in the opening biennis flower never 
occur in O. Lamarckiana or O. grandiflora. If, as Davis 
states (see /. c., p. 216), the anthers in 0. Lamarckiana 
touch the lower part of the stigma lobes, then these 
strings of pollen and self-pollination would occur. But 
this condition is not found in O. Lamarckiana, though 
it does occur (as would be expected) in the hybrid 0. 
biennis O. Lamarckiana. 

As regards the size of the flower, the statements of 
Davis also need some revision. He assumes that the 
flower of O. Lamarckiana is smaller than that of 0. 
grandiflora, whereas the O. Lamarckiana of my cultures 
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is on the average somewhat larger than O. grandiflora 
from Alabama grown under the same conditions. The 
same thing is shown by the measurements of Miss Vail. 
I should first point out that in all the cenotheras the 
flowers in the early part of the season are uniform in 
size, but towards the latter part of the blooming-season, 
with dwindling vitality they steadily decrease in size 
until the latest-blooming flowers in O. Lamarckiana, for 
example, have petals no larger than O. biennis. The 
style in O. Lamarckiana does not, however, decrease in 
length at as fast a rate as the petals, the result being 
that in late-blooming flowers it not infrequently pro- 
trudes from the unopened bud. But there is no time in 
0. Lamarckiana (in my cultures) when the ‘‘base of the 
stigma lobes is slightly below the tips of the anthers.”’’ 
Davis’s Fig. 18 (’11) is misleading as a typical flower of 
O. Lamarckiana, its petals being much too small. He 
states (p. 216) that the hybrid whose flowers are 
‘‘searcely distinguishable from those of O. Lamarcki- 
ana’’ has petals 2.2 em. long. By choosing flowers 
towards the end of the blooming-season it will be pos- 
sible to find petals of any desired size, down to that of 
O. biennis itself, but in stating the size of petals for 
comparison with O. grandiflora, it is only fair to choose , 
the typical flowers which are characteristic of the greater 
part of the season, and which O. biennis never produces. 
MacDougal (’03) states the length of the petals in O. 
Lamarckiana to be 4-5 em., and Miss Vail in O. grandi- 
flora (07, p. 66) 3.5-4.0 em., which agrees with my cul- 
tures, while in Gray’s Manual the petals of O. grandi- 
flora are given as 4-6 cm. In my cultures the flowers of 
O. Lamarckiana have been certainly not smaller, but on 
the whole larger, than in O. grandiflora. O. Lamarcki- 
ana is therefore not intermediate between O. biennis and 
O. grandiflora, either in length of style (though the style 
may sometimes be slightly shorter than in O. grandiflora) 
or size of petals, but is almost in agreement with O. 
grandiflora in both these characters. As already pointed 
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out, the petals of O. grandiflora are also characteristic- 
ally narrower and more cuneiform than in O. Lamarcki- 
ana, though this is not always the case. 

In a number of other flower characters O. Lamarckiana 
is more in agreement with O. biennis, and contrasted with 
O. grandiflora. Both the first-named species have quad- 
rangular buds with a prominent median ridge on each 
sepal, while in O. grandiflora the buds are rounded and 
the median ridge much less prominent. Also these two 
species agree in bearing on the sepals, hypanthium and 
ovary a conspicuous long, pointed type of trichome aris- 
ing each from a papilla and giving the bud a rather 
strongly pubescent appearance ;*° while this type of hair 
is, in my experience, always absent from the buds of O. 
grandiflora, which therefore have a glabrous appearance, 
although a small inconspicuous type of hair is often 
present, as is the case always in the other two species. 
O. biennis and O. Lamarckiana also agree in having 
rather thick sepals and rather stout sepal tips, while in 
O. grandiflora the sepals are thinner and more delicate, 
and the sepal tips longer and more setaceous. These dif- 
ferences give the buds of O. grandiflora a very different 
appearance from those of O. Lamarckiana, so that even 
in ordinary herbarium material there is not the slightest 
difficulty in distinguishing them. 

These contrasting flower characters are brought to- 
gether for greater convenience of reference, in the table 


below: 
FLOWER CHARACTERS 


O. biennis 

Petals 12-16 mm. 
long. 

Stigma surrounded 
by the anthers, in- 
variably causing self, 
pollination before the 
bud opens. 


O. Lamarckiana 

Petals 40-50 mm. 
long. 

Stigma lobes above 
the anthers, so that 
self-pollination in the 
bud does not occur, 
though the style may 
slightly shorter 
than in O. grandi- 
flora. 


O. grandiflora 
Petals 35-40 or 

60 (?) mm. long. 
Stigma lobes above 
the anthers, so that 
self-pollination in the 
bud does not occur. 


*In some races of 9. biennis there is instead an intermediate type of 


trichome arising from the even surface of the buds. 
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Buds quadrangular. 

Buds bearing two 
types of hairs, (1) a 
short, delicate type, 
(2) a long, pointed 
type arising from 
papille and giving 
the bud a pubescent 
appearance. 


Buds quadrangular. 
Same as O. biennis. 
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Buds rounded. 

Buds bearing only 
type (1), or some- 
times entirely free 
from hairs. Type (2) 
is never seen to occur 
on the buds of this 
form, unless _previ- 
ously crossed with O. 


biennis or O. La- 
marckiana. 
Sepals rather thick Essentially the same Sepals thinner and 
and sepal tips rather as O. biennis. sepal tips more se- 
stout. taceous. 


Thus O. Lamarckiana agrees with O. biennis in certain 
features of the flowers, while agreeing equally with O. 
grandiflora in certain other features. We know that 


these three species when crossed give more or less blended 
or intermediate hybrids, as-appears to be frequently the 
case in crosses between ‘‘Linnean’’ species.’ This being 
the case, we should not expect to derive O. Lamarckiana 


from a cross between the ordinary races of O. biennis and 
O. grandiflora, for this would imply alternative rather 
than blended inheritance of the various flower charac- 
ters. Davis has not taken into account the important dif- 
ferentiating features between the buds of O. Lamarcki- 
ana and O. grandiflora, merely telling us that the ‘‘in- 
florescence was very similar to O. Lamarckiana,’’ and 
that ‘‘the only essential difference between the buds lay 
in the slightly greater attenuation of the sepal tips.’’ 
But his hybrids can not be, as he states, and as would be 
anticipated from the results of similar crosses in ceno- 

*™TIn an extensive series of crosses between O. Lamarckiana and O. grandi- 
flora races, the results of which can not be presented here, the flowers of 
the F, are shown to be, in many cases, at least, a blend of the parents. 
The buds are less conspicuously quadrangular than in O. Lamarckiana, the 
sepal tips more slender, and the long type of hair is about half as numerous. 
The casual observer would consider these buds to be the same as in 0. 
Lamarckiana. Closer inspection, however, shows that this is not the case. 
In certain of these crosses, however, a type occurs in the F, having buds 
which closely resemble O. grandiflora. 
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thera, a blend of the parental characters, and at the same 
time agree with O. Lamarckiana. 

Similarly, in the description of the foliage of his hy- 
brids, Davis fails to take into account the leaf-differences 
involved. O. grandiflora agrees with most American 
races of O. biennis, in having stem-leaves which are 
lanceolate and tapering at both ends, forming a petiole. 
In O. Lamarckiana the stem-leaves are, on the contrary, 
usually sessile and broad, almost clasping, at the base, in 
addition to being crinkled. 

A form which would resemble O. Lamarckiana much 
more closely than the hybrids of Davis, could doubtless 
be synthesized by using a race of O. biennis which I have 
cultivated from seeds obtained from the Chelsea Physic 
Garden. This race differs strikingly from any other race 
of O. biennis I have seen, in having stem-leaves sessile, 
very broad at base and very much crinkled. If such a 
race were crossed with O. grandiflora, hybrids might be 
expected whose foliage at least would closely resemble 
that of O. Lamarckiana, though the flowers would prob- 
ably be intermediate between O. Lamarckiana and O. 
biennis. 

One feature which has always made it appear improb- 
able that O. Lamarckiana originated as the result of the 
single cross O. grandiflora x O. biennis, is the way in 
which the mutants of O. Lamarckiana all agree with that 
form in certain characters; and not one of them, so 
far as I am aware, shows any indication of a reversion 
towards either O. biennis or O. grandiflora. That the 
mutants all have certain features in common, which they 
do not share with O. biennis or O. grandiflora, and that 
all may be grouped around O. Lamarckiana, was shown 
in my analytical key to these forms (Gates, 09a, pp. 126, 
127). While there are wide departures from O. La- 
marckiana in many characters, in no case does this ap- 
pear to bring them nearer either O. biennis or O. grandi- 
flora races. It is difficult to understand why this does not 
occur, on the theory that O. Lamarckiana is such a 
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simple hybrid.’ These facts that, so far as now known, O. 
biennis, O. Lamarckiana and O. grandiflora all behave 
alike in crosses with each other (that is, they give blends), 
together with the fact that none of the mutants revert 
towards either O. biennis or O. grandiflora, have always 
seemed unfavorable to the view that O. Lamarckiana has 
originated suddenly from such a single cross. On the 
other hand, it by no means follows that O. Lamarckiana 
or various other species of @nothera could not be pro- 
duced by sufficient crossing of races under suitable condi- 
tions. My studies of a colony of cnotheras from the Eng- 
lish sand dunes, show that numerous races ‘which breed 
true and have numerous entirely unanticipated characters 
(often differing from each other conspicuously in every 
organ) can be obtained as the result of indiscriminate 
crossing. Some of these races when crossed give blends 
and have thus far defied Mendelian analysis. I have been 
able to synthesize at least one of these true-breeding 
forms by crossing of races. A number of the other pecu- 
liar constant races have doubtless had a similar origin, 
though too complex to be easily repeated. The character- 
differences of these races do not appear to be Mendelian 
and the races come true except for varying percentages of 
‘*mutants.”’ 

The mutants of O. Lamarckiana themselves, when 
crossed with their parent form, show apparently a differ- 
ent type of behavior from the species, but that is a matter 
I will not enter into in the present paper. 

How do the Mutants of O. Lamarckiana Originate?— 
Tower’s experience (’10, p. 315) in crossing species of 
Leptinotarsa and thus synthesizing a new race which 
breeds true except for sporadic ‘‘mutants,’’ appears to 


‘In my cultures of cnotheras from the sand dunes of the coast of 
England, I have obtained occasional mutants having many of the flower- 
characters of O. biennis. But in this case there was abundant opportunity 
for recent crossing with O. biennis to have taken place, and this would seem 
to be the most probable explanation of their occurrence. I have more re- 
cently seen similar occurrences in forms from botanical gardens which have 
obviously undergone much crossing. 


‘ 
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be similar to the behavior just described, and increases 
the probability that O. Lamarckiana may have had a 
similar origin in nature and perhaps also in gardens. 
As already pointed out in this paper, it must be assumed 
that O. Lamarckiana has undergone crossing which has 
determined its present characters, and that its ancestry 
is therefore ‘‘impure.’’ Whether it has resulted from 
any particular cross is of less interest from the evolu- 
tionary standpoint. As I have tried to show in the in- 
troduction to this paper, it probably must be conceded 
that the mutations of O. Lamarckiana are connected with 
previous crossing in the ancestry. This crossing was ac- 
companied by a disturbance of the germ plasm, such 
disturbance manifesting itself in the occasional pro- 
duction of various aberrant types displaying whole 
series of new characters. But there are certain reasons 
why the resulting ‘‘disturbance’’ appears to be some- 
thing more than a case of hybrid splitting. I shall not 
go into the details of this question in the present paper, 
but I may point out one or two facts. Even if (as is 
quite possible) certain mutants, such as O. lata and O. 
nanella, which are evidently retrogressive forms, could 
be so accounted for; there are at least two forms which 
could not be brought into this category. The first of 
these is O. gigas with its tetraploid number of chromo- 
somes and a new series of characters, in part, no doubt, 
the result of the chromosome doubling. I (’09b) have 
suggested that this origin is probably similar to that of 
many tetraploid species in nature. Ordinary hybrid 
splitting will not account for it. 

Another mutant which is clearly positive or progres- 
sive, and which can not be explained as a result of hy- 
brid splitting, is O. rubricalyx, which appeared in my 
cultures in 1907 as a mutant from O. rubrinervis, show- 
ing a great increase in anthocyanin production (see 
Gates, ’11b, for an account of its behavior). These two 
cases alone make it necessary to assume that ‘‘muta- 
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tion’’ is due to a more general disturbance of the germ 
plasm than would occur in hybrid splitting. 

The mutation process, therefore, while probably a re- 
sult of previous crossing in the ancestry of O. Lamarcki- 
ana, is not a simple ease of the splitting off or reappear- 
ance of types which entered into that ancestry. It is 
probable that much of the hybridization-behavior of the 
genus (nothera, including particularly crosses which 
involve the mutants of O. Lamarckiana as one of the pa- 
rents, will ultimately be harmonized with Mendelian 
eategories.® But it is also probable that the appearance 
of the ‘‘mutants’’ of O. Lamarckiana is not a ease of 
Mendelian splitting as we understand that process at 
present. The origin at least of such mutants as O. gigas 
and O. rubricalyx can not be explained on this basis, and 
at present can only be ascribed to a general disturbance 
or condition of instability, which probably resulted from 
previous crossing. The change in climate to which O. 
Lamarckiana has been subjected may also very well have 
had something to do with this disturbance, although this 
is less probable since this plant when brought back to 
America continues to exhibit the same mutation phe- 
nomena. | 

I have tried to show (1) that O. Lamarckiana, like 
other allogamous forms, has undoubtedly undergone’ 
crossing in its ancestry, and (2) that, whatever may have 
been the relation between these crosses and the appear- 
ance of mutants, the important matter to decide from the 
evolutionary standpoint is, Will these forms survive in 
nature and become the starting points for new races? 
As regards O. gigas, I have pointed out (Gates. ’09b) 
many cases among plants, of species which have probably 
originated in an analogous manner. 

There is one further phase of the mutation process 


°A recent paper of Miss Saunders (‘‘Studies in the Iaheritance of 
Doubleness in Flowers—I, Petunia,’’ Journ. of Genetics, I, 57-69, 1910) 
makes it probable that some at least of the alternative inheritance in crosses 
between O. Lamarckiana and its mutants will find an explanation in 
this way. 


602 THE AMERICAN NATURALIST [Vou. XLV 


which I may touch upon very briefly. That is, the exact 
method of origin of the various mutants, from the cyto- 
logical standpoint. It is now certain that the nature of 
the change involved is not the same in all cases. In the 
case of O. gigas, the most striking change, which brought 
with it many size changes, is the doubling in the chromo- 
some number. This most probably occurred either in 
the fertilized egg or in the megaspore mother cell, which 
then developed apogamously (Gates, ’llc). On the 
other hand it seems most probable that several other 
mutants are the results of changes occurring during the 
reduction divisions. All the retrogressive mutants may 
be accounted for in this way, as I have shown (Gates, 
08), as the results of occasional irregularities in the dis- 
tribution of members of the chromosome pairs, if we as- 
sume the chromosomes to differ in their chemical activ- 
ities. O. rubricalyx again is a mutant from O. rubri- 
nervis in which a marked quantitative change in one 
character (namely, capacity for anthocyanin produc- 
tion) has taken place. We have here the mutational ap- 
pearance of a new dominant character. A change of 
this kind is not likely to be concerned with a new chro- 
mosome distribution, but is perhaps due to a cyto- 
plasmic difference. As far as can be determined, the 
external conditions under which this mutant appeared 
and developed differed in no way from those of the rest 
of the culture, although it is impossible to deny that 
some local soil-difference might possibly have actuated 
this germinal change. This would, however, necessitate 
the assumption that the change took place in the germi- 
nating seed. 

Mutation appears, therefore, to be not a simple uni- 
tary process of splitting, but to be the result of a condi- 
tion of instability in the germinal material, which is 
again probably a result of previous crossing, and which 
leads to various types of departure from the parental 
race. That this process will account for much species- 
formation, and the polymorphism of many genera, can 
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not be doubted; but it is not clear that adaptation and 
the larger evolutionary trends can be sufficiently ac- 
counted for in this way, although occasional real germ- 
inal advances are seen to occur. 


SuMMARY 

It must be assumed that crossing has taken place in 
the ancestry of G/nothera Lamarckiana, as well as in all 
forms whose flowers are open-pollinated. Among open- 
pollinated plants (and the same is probably true of ani- 
mals) there is no such thing as a ‘‘pure’’ species, but 
rather, many interbreeding races whose combinations 
vary from generation to generation make up the popu- 
lation. 

Further studies of historical records, and particularly 
of early herbarium specimens, make it probable that the 
‘‘Huropean biennis’’ so-called, rather than O. Lamarcki- 
ana, was the first @nothera introduced into Europe. 
Herbarium specimens show, however, that forms closely 
resembling if not identical with O. Lamarckiana and O. 
rubrinervis, formerly occurred wild in the western re- 
gion of Colorado and New Mexico, and that other forms 
which, from their flower characters, must be closely re- 
lated to O. Lamarckiana also occur there even now. 

Granting that O. Lamarckiana must have undergone — 
crossing in its ancestry, it does not necessarily follow 
that it has been synthesized by a single cross, such as O. 
grandiflora < O. biennis. The fact that the characters 
of the parents are usually blended in crosses between 
Linnean species of Cnothera, while O. Lamarckiana 
agrees with O. biennis in certain bud characters and with 
O. grandiflora in certain other flower characters, does 
not favor the hypothesis that O. Lamarckiana originated 
from this cross; and the evidence offered by Davis is not 
supported by a sufficiently critical study of the char- 
acters of the three species concerned, the flowers of his 
hybrids being little more than half the size of ordinary 
O. Lamarckiana flowers. By selecting certain other 
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races of O. biennis for crossing with O. grandiflora, hy- 
brids more closely resembling O. Lamarckiana, at least 
in foliage, could doubtless be obtained. It would appear 
that, as far as the characters are concerned, the ‘‘ Furo- 
pean biennis’’ is as likely to have originated by a cross 
between O. biennis and O. Lamarckiana, as O. Lamarcki- 
ana is to have originated from O. grandiflora « OQ. bi 
ennis. 

From the evolutionary standpoint, however, the im- 
portant question is not whether a given ‘‘species’’ has 
arisen through crossing, because this is the condition 
under which the evolution of open-pollinated species 
must have taken place. Whether or not we assume that 
mutation is the result of previous crossing, it is neces- 
sary to determine whether the new types which appear 
are progressive and will form races which will become in 
turn the progenitors of future types. 

Even if it be assumed that O. Lamarckiana originated 
from a-cross between O. grandiflora and O. biennis, such 
crosses must have occurred in nature in North America 
centuries before the advent of the white man. For there 
is ample evidence that both these species originally ocecu- 
pied the Virginia-Carolina region. 

The natural -and necessary tendency of systematists 
and collectors is to abstract a few from many existent 
types, as the foundation for their species. The result is 
that the actual limits between Linnean species appear 
well-defined until the discovery of intermediate races 
bridging such gaps makes it appear that, in many cases 
at least, the lines drawn between Linnean ‘‘species’’ are 
purely arbitrary. This is shown by cultures of many 
races belonging to O. biennis L. and O. muricata L. from 
various parts of North America. 

One piece of negative evidence which does not favor 
the hypothesis that O. Lamarckiana originated from O. 
grandiflora X< O. biennis, is the fact that none of the mu- 
tants from O. Lamarckiana have hitherto shown any 
tendency to revert to either of the putative parents, but 
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rather, all seem to agree with O. Lamarckiana in a cer- 
tain constellation of flower characters. From plants 
from garden seeds, however, which have evidently un- 
dergone crossing (e. g., O. suaveolens from the Nantes 
Botanical Garden), [ have occasionally obtained ‘‘mu- 
tants’’ with large petals and short styles. 

It seems that the mutation phenomena in O. Lamarcki- 
ana are due to a disturbed or unstable condition of the 
germ plasm, which has probably resulted from crossing 
in the ancestry. It is not probable, however, that the 
retrogressive mutants, such as O. nanella and O. lata 
are due to simple hybrid splitting of types which entered 
into the ancestry. The chromosomal irregularities dur- 
ing meiosis (maturation), which I described, furnish a 
possible basis for the occasional appearance of retro- 
gressive mutants in each generation. 

Certain cases, however, can not be explained as the re- 
sult of hybrid splitting or loss of characters, and show 
that O. Lamarckiana has experienced a more general dis- 
turbance of its germ plasm. Of these cases, O. gigas 
with its tetraploid number of chromosomes, probably 
originated through a germinal change at another point 
in the life eyele. A number of tetraploid species among 
angiosperms and ferns have probably originated in an 
analogous manner. Also O. rubricalyx, a mutant from 
O. rubrinervis showing a large positive variation in red 
pigment productions, is not likely to have originated 
through a new chromosome combination, but more prob- 
ably through some quantitative cytoplasmic change. 

Mutation in O. Lamarckiana, therefore, appears to be 
a condition of germinal instability and not a simple 
process of hybrid splitting, although this condition of 
instability has probably been brought about through 
previous crossing in the ancestry. There is, however, at 
present no satisfactory evidence that O. Lamarckiana 
has originated from a single cross. 

Mutation, whether or not always preceded or accom- 
panied by crossing (of which it is probably a result), 
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will thus account for much:species formation, and for the 
polymorphism of many genera. That it will account for 
the larger evolutionary trends and for many adaptations, 
remains to be shown. 


MissouRI BoTANICAL GARDEN, 
St. Louis, Mo. 
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SOME EXPERIMENTAL OBSERVATIONS CON- 
CERNING THE BEHAVIOR OF VARIOUS 
BEES IN THEIR VISITS TO 
COTTON BLOSSOMS. I 


H. A. ALLARD 


U. S. DEPARTMENT OF AGRICULTURE 


In the past a great deal of experimental work has been 
carried on to determine how flowers attract insects. The 
conclusions reached have been various and have served 
to provoke lively discussions as to the relative impor- 
tance of the visual sense and the olfactory sense in guid- 
ing insects to flowers. 

Beginning with the notable work of Sprengel, an 
extensive literature has developed attempting to explain 
the relative importance of colors and odors in attracting 
insects to flowers. The conclusions reached have served 
to provoke lively discussions as to the relative importance 
of the visual and olfactory sense in guiding insects to 
flowers. Herman Miller, Delpino, L. Errara, Lubbock, 
Knuth and others firmly supported the view that flowers 
advertised their location to passing insects by their con- . 
spicuous colored portions and considered odors of only 
secondary importance. In 1879 Gaston Bonnier ad- 
vanced the opinion that colored petals were of slight 
importance in attracting insects to flowers. Later, after 
much experimenting, Felix Plateau promulgated his 
extreme views that the colored structures of blossoms 
were of practically no use as a means of attracting insect 
visitors, but that odors were the chief means by which 
bees and other insects were led to find blossoms. Plateau 
radically expressed himself as follows: 

Dans les rapports entre les insectes fécondateurs et les fleurs ento- 
mophiles la coloration plus au moins vive des organes floraux n’a pas 


le réle prépondérant que Sprengel, H. Miiller et leurs nombreux 
adeptes lui ont attribué. Toutes les fleurs de la nature pourraient étre 
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vertes comme les feuilles sans que leur fécondation pas les insectes fut 
compromise. L/’odorat si développé chez la plupart des insectes loin 
d’étre un faecteur aecesoire est vraisemblement le sens principal qui 
leur fait découvrir les fleurs renfermant du pollen ou du nectar.’ 

It is pretty generally conceded, however, that the 
corolla of flowers and many other conspicuous floral 
structures possess a very important function in serving 
to attract various insects. Many odors likewise serve the 
same purpose, even to a very considerable extent, as 
shown by the interesting experiments of Plateau and 
others. 

In connection with experimental cotton breeding inves- 
tigations in northern Georgia, the writer has had occa- 
sion to give considerable attention to the visits of bees 
and other insects among cotton blossoms in this region. 
The large number of certain species of bees regularly 
visiting cotton blossoms and the ease with which observa- 
tions could be made in the field led the writer, during the 
summer of 1910, to make a series of experiments in order 
to learn more definitely, if possible, just how cotton 
blossoms attract bees, whether mainly through the visual 
or the olfactory sense. 

These experiments were made at the beginning of the 
blooming season when blossoms were very scarce and 
bees very numerous. The first experiment was begun in 
the forenoon of July 26, and others followed throughout 
July and early August. Each day the period of observa- 
tions began at eight or nine o’clock and terminated about 
twelve or one o’clock, at which time the blossoms were 
beginning to close and bee visitors were much less fre- 
quent. For each test a period of half an hour or an hour 
was usually allowed, thus making the number of insect 
visits sufficiently numerous for valid conclusions. 

By far the majority of bee visits were made by Melis- 
sodes bimaculata, although other species of Melissodes 
were no doubt casual visitors. The big wasp (Elis plum- 
ipes Drury) and a Bombus or an Entechnia occasionally 


1¢“Les Insectes et la Couleur des Fleures,’’ L’Année Psychologique, 
13, 1907. 
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appeared. Later in the season the visits of the extremely 
common Melissodes bimaculata suddenly fell off, and the 
common honey bee (Apis mellifica L.) became more fre- 
quent in its visits. For reasons rather difficult to explain, 
honey bees at the beginning of the experiments were 
very rare visitors. 

The observations and conclusions apply mainly to the 
behavior of species of Melissodes. A count was made of 
every bee which gave definite evidence that it had per- 
ceived the blossoms under observation. These records 
also included the number of times bees actually alighted 
‘ upon or entered them. Many bees which do not enter a 
blossom frequently indicate that they have perceived it 
by a sudden pause or quick turn toward it momentarily. 
The manner and thoroughness of these inspections by 
bees ranges from the merest swerve and hesitation in 
their flight to a close and scrupulous scrutiny of the 
blossoms from all sides as they hover over them. At all 
times it is evident that the actual number of entrances 
into a blossom is small when compared with the number 
of inspections without entering. Just why so many bees 
inspect a normal blossom and refuse to enter is not clear. 
This is more particularly the rule with species of 
Melissodes. 

It is not long till one can readily identify the more © 
important bee visitors within certain limits by their 
different flight characteristics. Bees of the species 
Melissodes bimaculata appear as black, swift-flying, 
nervous bees, and are readily determined by their hasty 
movements among the cotton plants. The species of 
bumble bees, the common honey bee and Elis plumipes 
are more labored in their flights from blossom to blossom. 
The wasp, Elis plumipes, usually flies very slowly and 
seems to find it necessary to alight on a blossom in order 
to inspect it to advantage. 

At the beginning of the experiments three blossoms 
were arranged in such a way as to form a triangle 
were they connected by straight lines. In some of the 
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later tests the blossoms were arranged in a line on the 
same row of cotton. When the triangular arrangement 
was followed, the points (a) and (b) were on plants in 
the same row and about four feet apart. Point (c) was 
situated on the next row back, equally distant from (a) 
and (b). The writer was concealed in the cotton directly 
in front of these points so that each could be kept readily 
under observation at all times (see Fig. 1). In each test 
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the only changes made were concerned with the blossoms 
at the points in question. One blossom at least in each 
experiment served as a control. See the accompanying 
triangular diagram. 

Experiment No. 1.—July 26. Time of observation, one 
hour—from 9 to 10 a.m. ' 

At (a) a normal blossom was growing in situ as a 
control. 

At (b) a normal blossom was growing in situ as a 
control. 

At (c) petals only of a blossom were carelessly pinned 
to a stem. 

An Elis plumipes once alighted on the petals of (c), 
but immediately discovered the deception and flew away. 
The species of Melissodes in no instance alighted. These 
bees, it would seem, possess rather keen discerning 
powers, since without alighting they quickly detect the 
difference between a normal and a mutilated flower. In 
many instances, however, they inspect very carefully 
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a suspicious blossom before passing on. From this test 

it is evident that the petals alone, as used at (c), were 

quite as efficient in inviting inspection as the normal 

blossoms themselves. The blossom at (b) received fewer 

inspections, probably because it was less readily per- 

ceived among the leaves which nearly surrounded it. 
The bee visits were distributed as follows: 


DATA FOR EXPERIMENT No. 1 


Distribution by Species 


Distribution by Species 


Points of Triangle 
Total Inspections 
Melissodes sp. 
Elis plumipes 
Honey Bees 
Bumble Bees 
Unidentified 
Bees 
Total Entrances | 
Melissodes sp. 
Elis plumipes 
| Honey Bees 
| Bumble Bees 
Unidentified 
Bees 


w 


1 


Experiment No. 2.—July 26. Time of observation 
one half hour, from 10 minutes past 10 to 10:40 a.m. 
Blossoms in the triangular arrangement as before. See 
diagram. 

At point (a) same blossom with petals removed. 

At point (b) same blossom entire as a control. 

At point (c) petals alone as in preceding experiment. 


DATA FOR EXPERIMENT No. 2 


Distribution of Species 


Distribution by Species 


Total Entrances 


Points of Triangle 
Total Inspections 
Melissodes sp. 
Elis plumipes 

| Bumble Bees 
Unidentified 
Bees 
Melissodes sp. 
Elis plumipes 
| Honey Bees 
| Bumble Bees 
Unidentified 
Bees 


| Honey Bees 


ono 


The removal of the corolla of (a), which in the past 
experiment received 81 inspections, reduced the number 
of inspections at once to 4 as compared with 62 inspec- 
tions of the detached petals at (c). 

Exactly similar results were obtained by Darwin in 


| 

@) | | 77 | | | 
(b) | 44 | 44 | | | 4 
| | | 
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his experiments with Lobelia erinus. He says: ‘‘I cut 
off the petals of some and only the lower striped petals 
of others and these flowers were not once again sucked 
by the bees, although some actually crawled over them. 
The removal of the two little upper petals alone made 
no difference in their visits.’’ 

Experiment No. 3.—July 26. Time of observation one 
half hour, from 10:40 to 11:10 a.m. Blossoms in the tri- 
angular arrangement. 

At point (a) 3 petals are replaced loosely. 

At point (b) same blossom entire as before. Control. 

At point (c) petals alone as in preceding experi- 
ments. 

DATA FOR EXPERIMENT No. 3 
Distribution by Species 


| 


Distribution by Species 


Bees 


Total Entrances 


= n 
= 5 

| 3 


Melissodes sp. 
Elis plumipes 
Honey Bees 
Bumble Bees 
Unidentified 
Bees 
Melissodes sp. 
Elis plumipes 
| Honey Bees 
| Bumble Bees 
Unidentified 


© 


bo 


0 | | 


With these petals now carelessly affixed to the blossom 
at (a) from which the corolla had been entirely cut 
away, the number of inspections is at once as frequent 
as for the control at (b). It appears that color and 
texture more than normal form and arrangement first 
direct the bees to inspect the blossoms. 

Experiment No. 4.—July 26. Time of observations. 
one half hour, from 11:15 to 11:45 a.m. Blossoms in the 
triangular arrangement with the following change from 
the preceding experiment. 

At (a) cloth petals of an artificial rose are carefully 
arranged and pinned in position to simulate an open 
cotton blossom. The color of those petals approximated 
the creamy yellow of a natural cotton blossom; the tex- 
ture, however, was very different. 

At (b) control. Same blossom entire as in the preced- 
ing experiment. 


| 

(a) | 53 | 51 | 

(b) | 51 | 50 | 

(c) 67 | 65 | = 
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DATA FOR EXPERIMENT No. 4 


2 2 Distribution by Species 2 | Distribution by Species 

a 7 

| | a | 

(6) | 48 | 45 | 2 9 7 | 2 j 

(c) 65 62 I 2 


At (ce) control. Petals only as in‘the preceding ex- 
periment. 

Bees have been very little attracted by the artificial 
cloth petals at (a). Although the color is not precisely 
that of a cotton blossom, several bees gave evidence of 
having perceived them. The texture, which is that of 
coarse meshed cloth, is quite unlike that of cotton petals, 
however, and may have been readily perceived as un- 
real by the bees. The few inspections were without | 
doubt invited by the color of the artificial petals, since | 
no odors could be considered operative unless of a repel- | 
lent nature. 

Experiment No. 5.—July 26. Time of observation 
one half hour, from 11:45 to 12:15 a.m. Blossoms in the & 
triangular arrangement with the following changes: & 

At (a) five cotton petals (normal number) are care- 
lessly placed over the artificial cloth petals. 4 

At (b) control. Same blossom entire as in the pre- 4 
ceding experiments. 
At (ce) petals alone as in the preceding experiments. 


| 
| 


| Distribution by Species 


| Distribution by Species 
— | a | 

Rie | | 8 = Al A!) Se 

(a) | 48 | 45 4 

(c) 0 a 
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It is now evident that all the blossoms serve equally 
well to invite inspection. It is plainly indicated that the 
artificial cloth petals could have possessed little or no 
repellent odor, although they received very few inspec- 
tions in the experiment just preceding. It is not improb- 
able that the different texture of the material revealed 
the artificial nature of the cloth petals to the bees. 

Experiment No. 6.—July 27. Day cloudy, showery in 
forenoon, thus greatly interfering with frequency of 
visits. Blossoms in the triangular arrangement. 

At (a) control. A normal blossom pinned in position. 

At (b) control. A normal blossom growing in situ. 

At (c) a single petal pinned to a stem. 

Observations were begun at 9:00 a.m., but rain inter- 
vened at 9:15. A single inspection was recorded for (c). 

Observations were again begun at 10:25, lasting for 
one half hour until 11:05. The blossoms were arranged 
in the triangle as follows: 

At (a) control. A normal cotton blossom pinned in 
position. 

At (b) control. A normal cotton blossom growing in 
situ. 

At (c) a half opened bud simulated by pinning normal 
petals together, the calyx being represented by a por- 
tion of a green cotton leaf carefully wrapped around 
the base. In this way it was absolutely certain that no 
unaccustomed odors were introduced. This bud-like ar- 
rangement prevented all chances of examination of the 
inner details by bees until they had actually squeezed 
down between the petals. 


Data FOR EXPERIMENT No. 6 
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Distribution by Species 
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Distribution by Species 


| = | 


Total Entrances 

Esplilumipes 

Honey Bees 

Unidentified 
Bees 


Total Inspection || 


Points of Triangle 
Melissodes sp. 
Elis plumipes 
Honey Bees 
Unidentified 

Bees 
Melissodes sp. 
| Bumble Bee: 


| Bumble Bees 
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A record of the kind of bees was not accurately kept, 
but species of Melissodes were almost the only visitors. 
The blossom at (b) was less visible than those at (a) 
or (c), both of which were in plain view of each other. 
The blossom at (b) was not visible either from (a) or 
(c), so that many bees which inspected (a) and (c) fre- 
quently failed to perceive (b). 

Experiment No. 7.—July 27. Period of observations 
one half hour from 11:08 to 11:38. Blossoms in the previ- 
ous triangular arrangement changed as follows: 

(a) Normal blossom used in the preceding experiment 
‘concealed by fastening the surrounding leaves in such 
a manner that the blossom would be visible only by bees 
passing directly over it. 

(b) Control. Normal blossom growing in situ. 

(c) Artificially constructed bud as used in latter half 
of experiment 6. 

The inspections were as follows: 

(a) Received a single inspection from a bee flying 
directly over. 

(b) Received 12 inspections, two of these being en- 
trances. 

(c) Received 40 inspections, none being entrances. 

Experiment 7 differs from experiment 6 in no partic- 
ular whatever except in the change which has rendered 
the blossom at (a) invisible, except from a certain posi- 
tion. The number of inspections at (b) and (c) re- 
mained practically constant for each half-hour period. 
It is interesting to note, however, that (a), receiving 48 
inspections in experiment 6, received but a single inspec- 
tion in experiment 7. A change in surroundings which 
makes a blossom less visible to the visual sense of bee 
visitors at once decreases the number of inspections. 

Experiment No. 8—July 27. Time of observations 
ten minutes from 11:38 to 11:48 a.m. Blossoms in the 
triangular arrangement, with no change whatever from 
the preceding experiment except in making the blossom 
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at (a) again as visible as in experiment 7 by pushing 
aside the surrounding leaves. 

(a) Is inspected 15 times, including one entrance. 

(b) Is inspected 7 times, including two entrances. 

(c) Is inspected 13 times with no entrances. 

The blossom at (a) has now become as attractive to 
the bees as those at (b) and (c) which serve as controls. — 

Experiment No. 9.—July 27. Period of observation 
15 minutes, from 10:50 a.m. until 12:05 p.m. Triangular 
arrangement as in preceding experiments with the fol- 
lowing changes: 

(a) Petals of (a) in experiment 8 are removed and 
artificial crépe paper petals of nearly the same color are 
substituted. 

(b) Artificial blossoms growing in situ as a control. 

(c) Artificial floral structure used at (c) in experi- 
ments 7 and 8. : 

(a) Receives only two inspections. 

(b) Receives 16 inspections, including two entrances. 

(c) Receives 3 inspections, including one entrance. 

The artificial nature of the paper petals at (a) was 
at once perceived by the bees in their passing flights. 
The few inspections noted were indicated by a momen- 
tary pause in flight quite unlike the more prolonged 
hovering movements over the blossom at (c). 

Experiment No. 10.—July 27. Period of observations 
20 minutes, from 12:05 p.m. to 12:25 p.m. The same tri- 
angular arrangement was used as before. The only 
change from experiments 8 or 9 consisted in placing three 
real cotton petals carelessly upon the paper petals at (a) 
in such a way that only part of the paper petals was con- 
cealed. Blossoms (b) and (c) were left unchanged. 

(a) Receives 11 inspections. 

(b) Receives 7 inspections, including one entrance. 

(c) Receives 21 inspections. 

Passing bees were at once led to inspect the real petals 
placed at (a), although these very imperfectly covered 
the artificial paper petals beneath. No very decided re- 
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pellent odors can be held to reside in the artificial paper 
petals which failed to attract passing bees when used 


alone. i 
Experiment No. 11—July 27. Observations for this 
experiment continued 10 minutes, from 1:26 to 1:36 P.M. 
The triangular arrangement was used. 
At (a) a single real cotton-blossom petal is pinned to 
a stem. 
At (b) a cotton bud and calyx simulated by neatly 4] 
wrapping a portion of a cotton leaf around the base of J 
five real petals rolled together. ‘ 
At (c) a normal open cotton blossom growing in situ i 
as a control. i 
FOR EXPERIMENT No. 11 
> | a | Distribution by Species 2 Distribution by Species i 
& o | 
| 3 | & | 3/8/3 | ¢ | 3s 
(| = | @| ag = = | 
(a) | 2 2 | | 
| 8 8 
() | 8 3 | 


The single petal at (a) is sufficient to invite the in- 
spection of passing bees, although there is little more 
than a fraction remaining of the size and color of a° 
normal open cotton blossom. The writer has observed 
that a partly opened bud, as represented at (c), appears 
to invite more frequent inspection and entrance than a 
fully expanded blossom which has been much oftener 


entered by bees. It is possible that bees in their en- i 
trances leave traces of odors which are detected by later i 
visitors, causing them to pass on in search of fresher { 


blossoms. 

Experiment No. 12.—July 27. Period of observations ; 
one half hour, from 1:36 to 2:06 p.m. In this test, which 
practically duplicates experiment. 11, two blossoms were 
used in the same row and on plants about three feet 


apart. 
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At (a) a single petal was pinned to a stem. 

At (b) control. A normal cotton blossom in situ as 
grown. 

The single petal at (a) received 16 inspections, some 
of which were very thorough, as a number of bees ap- 
peared to examine the petal intently from all sides. The 
control blossom at (b) received 26 inspections, including 
8 entrances within. In both cases the visiting bees were 
all species of Melissodes. 

Experiment No. 13.—July 27. Period of observations 
one half hour, beginning at 2:06 p.m. and ending at 2:36 
P.M. Two blossoms were arranged in the same row as in 
the preceding experiment. 

At (a) a perfect cotton blossom was pinned in the 
same relative position as the blossom at (b). 

At (b) control. A perfect cotton blossom growing in 
situ, 

The blossom at (a) received 7 inspections, including 
one entrance. The blossom at (b) received 12 inspections, 
including 5 entrances. Species of Melissodes were the 
only visitors. 

Experiment No. 14.—July 28. Time of observations 
one half hour, from 9:15 to 9:45 a.m. Three blossoms 
were arranged on three consecutive plants in the same 
row. Throughout this series of experiments for July 
28, these positions were unchanged. See the diagram. 

At (a) eontrol. A perfect cotton blossom pinned in 
position. 

At (b) large blossom of a wild convolvulus (white 
with a deep purple throat) was pinned in position. 


DATA FOR EXPERIMENT No. 14 
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At (c) control. A perfect cotton blossom pinned in 
position. 

Although strikingly unlike a cotton blossom in color 
and general appearance, the convolvulus blossom at- 
tracts attention quite as often. It is hardly to be ex- 
pected that the bees would enter it as frequently as a 
cotton blossom, if at all, since it is a well-known habit of 
many bees to confine their visits pretty constantly at 
any one time to blossoms of the same species of plant. 
Especially has this been shown true for the honey bee 
by Hermann Miiller and others. M. H. Mendleson, of 
California, affords an instance where a single colony out 
of 200 visited solely mustard flowers, while the rest 
gathered from sage blossoms alone.? 

Experiment No. 15.—July 28. Time of observation 
one half hour, from 9:45 to 10:15 a.m. Blossoms ar- 
ranged in the same row as before with the following 
changes: 

At (a) petals removed from the blossoms of preced- 
ing experiment. 

At (b) same white convolvulus blossom used in the 
preceding experiment. 

At (c) control. Same cotton blossom of preceding 
experiment pinned in position. 


DaTA FOR EXPERIMENT No. 15 


| 


By the removal of the petals of a cotton blossom as at 
(a), the blossom no longer advertised itself to the atten- 
tion of bees, as has been demonstrated in previous ex- 
periments. In the present test, although the white con- 

? Mendleson, M. H., ‘‘Gleanings in Bee Culture,’’ October, 1908, 36. 
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volvulus blossom had completely wilted and collapsed, 

its noticeable color alone continued to invite inspection 

by passing bees quite as often as the control blossoms 
(c). 

Experiment No. 16.—July 28. Period of observation 
one half hour, from 10:15 to 10:45 a.m. The three points 
in the preceding experiment were used as follows: 

At (a) a single cotton petal was placed on the 
blossom of the preceding experiment, from which all 
the petals had been removed. 

At (b) a single cotton petal was loosely pinned i. a 
stem. 

At (ec) control. A normal cotton blossom pinned in a 
conspicuous position. 

The blossom at (a) receives 8 inspections. 

The petal at (b) receives 9 inspections. 

The normal blossom at (c) receives 27 inspections 
with no entrances. All visitors were Melissodes, except 
a small bee which inspected (c). 

As the blossom at (c) was conspicuous from all sides, 
the writer judged that this fact accounted for the much 
greater number of inspections given this blossom, since 
(a) and (b) were visible almost wholly from one side 
only. In the next experiment this question was further 
tested. 

Experiment No. 17.—July 28.. Period of observation 
one half hour, from 10:45 to 11:15 a.m. In this experi- 
ment the only changes from the preceding consisted in 
an interchange of material. 


DATA FOR EXPERIMENT No. 17 
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At (a) single detached petal pinned to leaf stem. 

At (b) control. Normal cotton blossom pinned in 
position. 

At (c) the cotton blossom with its single replaced 
petal at (a) in preceding experiment. 

In this experiment the more exposed position (c) ap- 
pears to be of considerable advantage to a blossom lo- 
cated here, even though its normal appearance is greatly 
changed by mutilation. The general form and appear- 
anee of a cotton blossom, as a whole, does not appear to 
play a very important roéle in initiating the procedure 

‘of inspection by passing bees, since a single detached 
petal receives quite as many inspections as a normal 
blossom. 

Experiment No. 18.—July 29. Observations continued 
one hour, from 8:20 to 9:20 a.m. In this experiment 
three blossoms were used, as in previous experiments, 
and arranged on consecutive plants in the same row. 
A blossom of an Asiatic cotton (Hawasaki) was com- 
pared with two ordinary American upland blossoms as 
controls. 

(a) control. Normal American upland blossom pinned 
in position. 

(b) Hawasaki blossom entire pinned in position. 

(c) control. Normal American upland blossom pinned 
in position. 

DATA FOR EXPERIMENT No. 18 
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Experiment No. 19.—July 29. Observations con- 
tinued one half hour, from 9:25 to 9:55 a.m. 
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(a) Control. Normal American upland blossom pinned 
in position. 

(b) Control. Normal.American upland blossom pinned 
in position. 

(c) Hawasaki blossom entire (at b) in last experi- 


ment. 
DATA FOR EXPERIMENT No. 19 
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Experiment No. 20.—July 29. Observations con- 
tinued one half hour, from 10:50 to 11:20 a.m.. Three 
blossoms arranged in the same row as for previous ex- 
periments. 

(a) Control. Normal American upland blossom pinned 
in position. 

(b) Hawasaki blossom entire at (c) in experiment 19. 

(c) Control. Normal American upland blossom pinned 
in position. 

DATA FOR EXPERIMENT No. 20 
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REPRODUCTION IN THE BROWN RAT (MUS 
NORWEGICUS) 


NEWTON MILLER 


UNIVERSITY, WORCESTER, MAss. 


. Introduction 
. Apparatus 
. Reproduction 


b. Period of Gestation 

c. Mating Habits 

d, Eating the Young 
. Care of the Young 


In view of the fact that the brown rat is playing such 
an important role in the economic field and the medical 
world at the present time, it is of interest if not of prac- 


tica] value to know the details of its reproduction. The 
life history of this species as lived in its natural envi- 
ronment is as yet imperfectly known. It was to bridge 
this deficiency in our knowledge that data were obtained 
on a number of rats kept in the laboratory from No- 
vember 5, 1909, to December 8, 1910. My results may be. 
much different from those of natural conditions, yet I 
am convinced that the results obtained are not radically 
different from what actually takes place in nature where 
shelter is good and food abundant. 

Two sets of cages of four each were built. The first 
consisted of revolving cages, a foot wide and eighteen 
inches in diameter with nesting boxes, measuring 
8x55 inches, suspended from the axles. These 
cages were similar to those used by Slonaker. The sec- 
ond set of cages were rectangular, measuring 24 « 24 « 8 
inches. These were made of screening, three wires to 
the inch. For the sake of cleanliness the cages were 
suspended, as shown in Fig. 1. Newspapers were spread 
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beneath all the cages to catch the excrement and removed 
as occasion demanded. 

In all the cages, siphon watering troughs were used; 
i. e., bottles held upright with their mouths dipping into 
shallow dishes. Open vessels were objectionable because 
rats drop their excrement as they climb about in the 
cage, thus polluting the water. 


Showing the plan of the cages. 


The experiment was started November 5, 1909, with 
seven pairs of rats which had just been caught. For 
convenience, each pair was numbered, the first four 
being in the revolving cages and the other three in the 
stationary. The pairs numbered 1, 2 and 5 were old 
(adults), the females apparently having given birth 
to young. The others were probably in their third to 
sixth months and had not given birth. 

Female No. 6, after giving birth to young on December 
31, 1909, was severely injured by her mate. The wound 
was not yet healed September 12, 1910, when she was 
killed, at which time she was found pregnant. The fol- 
lowing table is the reproductive record of the other six 
pairs. 
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Feb. 4, 1910 
Feb. 26, 1910 


Feb. 27, 1910 
Mch. 14, 1910 
Mch. 22, 1910 
Mch. 22, 1910 
Apr. 7, 1910 

May 4, 1910 

May 16, 1910 
May 22, 1910 
May 22, 1910 
‘June 1, 1910 


June 4, 1910 

June 30, 1910 

July 23, 1910 
. 24, 1910 


. 3, 1910 
5, 1910 
8, 1910 


. 20, 1910 
. 20, 1910 

. 26, 1910 

pt. 26, 1910 
Oct. 17, 1910 
Oct. 20, 1910 
Nov. 26, 1910 
Nov. 26, 1910 
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No. of 
Nr oC WIS nore Litter | 


| No. of 
Young | 
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REPRODUCTIVE RECORD. First GENERATION 


All eaten February 5. Male not taken away. 

All dead-part eaten February 28. Male 
taken away February 26. 

Male taken away February 27. 

All dead July 21. Male not taken away. 

Male taken away March 22. 


All dead April 10. 
All eaten May 9. 


Male not removed. 

All eaten June 3. 
birth. 

All eaten June 4. 
birth. 

All eaten July 6. 
birth. 

All dead July 24. 
birth. 

All eaten August 27. Male not removed be- 
fore birth. 


Male removed before 
Male removed before 
Male removed before 


Male removed before 


Male removed before birth. 
All dead September 29. Male removed be- 


fore birth. 

Four still alive. Male removed before birth. 

Nine still alive. Male removed before birth. 

All eaten. Male removed before birth. 

All eaten. Male not removed before birth. 

All eaten. Male not removed before birth. 

All eaten. “ale removed before birth. 
Male removed before birth. 


All eaten. 
Part eaten. Male removed before birth. 


REPRODUCTIVE RECORD. 
Females of Litter No. 11 


No. of 
Female 


Oct. 15, 1910. 
Oct. 17, 1910. 
Oct. 24, 1910. 


SECOND GENERATION 


All eaten. Male removed. 

All eaten. Male removed. 

Part eaten—others removed. 
Male removed. 


The works of Lantz and Boelter lead us to infer that 
the brown rat breeds the whole year round. My rats 
gave birth to young from February to December, inclu- 
sive, and, since they were seen mating in November, De- 
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cember and January, it is safe to say that they produce 
young in January, also, which gives their breeding 
period as the whole year. 

The gestation period was found to be 234 to 254 days, 
counting from the time of the first copulation. If 234 
days is the shortest time, then females Nos. 1 and 7 
must have mated on February 4 and June 30, respec- 
tively, the days they gave birth and also ate their young. 

Frequently a female eats her young and when she 
does so, she may breed immediately. It is seen from 
the table that female No. 7, which had the habit of de- 
vouring her young, gave birth to sever litters at inter- 
vals of about thirty days; i. e., taking February 2 as the 
date of conception for her first offspring, she produced, 
seven litters in seven months. 

If the young are reared, a second litter may be pro- 
duced in two months. Some do not give birth so soon, 
which may be due, largely to the fact that a female is 
not sure of conceiving at any given copulation. Daniel’s 
experiment with white mice seems to have some bearing 
on this point. He found that a female suckling a large 
litter, carried the second longer, as much as ten days 
over the average gestation time. According to my data, 
the brown rat does not conceive before the last ten days 
of the lactation period, which should not have so marked 
an effect on the gestation period as is found in the case 
of the white mouse, which becomes pregnant as soon as 
a litter is born. 

The number of young in the eight litters which I was 
able to count varied from seven to twelve, with an aver- 
age of 19.5. Boelter quotes Brehm as recording a litter 
of twenty-on2. Lantz gives two cases where seventeen 
embryos were found in one female and nineteen in 
another. He also thinks that for temperate regions the 
average litter is not under ten. From the data at hand, 
we can conclude that a pair of adult rats is capable of 
rearing fifty to sixty young per year. Zuschlag’s theo- 
retical table, as quoted by Boelter, gives sixty-four as 
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the possible number of young at the end of the vear, the 
product of a single pair. In this table Zuschlag assumes 
eight to be the average number of young per litter, and 
eight litters per year to be the product of a single pair. 
On this basis the number of offspring at the end of the 
second and succeeding years is far in excess to the num- 
ber computed on experimental data. 

Rats begin mating, as a usual thing, about five o’clock 
p.M., and to obtain the period of gestation, males were 
placed with the females every day at this hour. If a 
female was in heat, she was removed to a separate cage 
‘ with one to three males. At first females were left with 
the males not more than two hours, in which time many 
copulations had taken place, but in no ease did a preg- 
naney result. Later, they were left with the males 
twelve to fifteen hours, and even then, failures to be- 
come pregnant far outnumbered the pregnancies. 

T have not observed a single case of a female mating 
with a male smaller than herself. It is not common for 
an old female, even when in heat, to chase a young male 
about the cage as though he were a female, not letting 
him come near her. This same female, if placed with 
a larger male, which could boss her, would mate with 
him at once without any opposition. Mating in this case . 
seems to be, to some extent, dependent upon the domi- 
nating ability of the male. 

The number of coitions during a single period of heat 
is, apparently, great. In one case a female, placed with 
four males, mated with them in such rapid succession 
that fifty attempted coitions per half hour would be a 
conservative estimate. It is impossible to say how many 
of these attempts were successful, because the rat re- 
quires such a short time (four seconds being a long 
time) to perform the act, thereby making the details of 
the process difficult of observation. 

The following table is a month’s record of seven fe- 
males kept to determine the frequency of the mating 
periods. Such periods are indicated by an X. It is 
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seen that only one pregnancy occurred as a result of 
each six times of mating. The table indicates, also, 
either that the mating periods come irregularly, or that 
the females come in heat about every five days. 

I am convinced that odor is the final test for sex rec- 
ognition. When rats are placed together, the males as- 
sume an aggressive attitude and fight all those that op- 
pose them. The females may, usually do, for a little 
while, resist the males; but they soon yield. They then 
lie on their backs entirely passive, while the males nose 
them about the head and smell of their genital organs. 
‘ This attitude is frequently taken by pregnant females. 
The males in such cases have shown their superiority 
and the females recognize it. From now on there is little 
fighting on the part of the males, and afterwards they 
will often permit themselves to be severely punished by 
the females without injuring them. Copulation does 
not usually follow the above proceedings. 

When males meet, there is a battle royal until one is 
recognized victor. The conquered, then, tries to elude 
the stronger, and will not submit to be smelt of as a 
female. Often males smell of each other, probably de- 
termining one another’s sex, before beginning the fight. 
I am sure there is no sex recognition when the fight is 
begun at once, for the females are treated in the same 
way. 

There is very little courtship among the rats. The 
male is absolutely silent and the female almost so during 
the period of heat. A pair which had been together for 
several months, were seen to arouse from their sleep at 
five-thirty o’clock, p.m., and begin copulating at once 
without any preliminaries at all. They had not mated 
previously during the day. 

When a female resists the advances of the male, she 
does so by fighting him away, as shown in Fig. 2, or by 
kicking him away with her hind foot; or she may lie on 
her back, as previously described. On the other hand, a 
female in full heat is the more active of the two. In one 
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instance, she was seen to clasp the male. If he is not ag- 
gressive, she throws herself before him in a crouching 
position, a procedure which she repeats until he takes 
notice of her. Again, she may strike his head, as though 
fighting, until he follows her. A female in full heat is 
much more active and less pugnacious than at other 
times. 


Fic. 2. Rats in a fighting attitude. 


We find the anomaly of mammals eating their young 
carried to an extreme in the case of brown rats kept in 
confinement. My records show a large per cent. eaten, 
almost fifty, which has much to do with the number of 
litters per year, consequently the number of young. 
This infanticide has usually been attributed to the male, 
but the young are eaten whether the male is or is not 
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present at the time they are born, which throws the 
blame on the female. In fact, I have no direct evidence 
against the male. 

The young, when eaten, may be devoured at birth or 
any time within the next four days. It has been sug- 
gested—I think with a little basis for the statement— 
that disturbing the parents causes them to eat their 
young. W. T. Hornaday, in a letter, and Bostock state 
that the large carnivora are kept from all disturbing 
influences at and about the time they are giving birth. 
In rare cases some species devour their young if dis- 
‘turbed, but more frequently the young are deserted. 
My rats were in a room which was kept locked and free 
from any disturbing influences except my morning visits. 
Frequently, females by themselves, which built their 
nests in closed boxes, have had their young and eaten 
them between my visits. In such cases these females 
could not have been disturbed. On the other hand, I 
have taken the young from the nests, weighed them, and 
even handled them without the mother injuring them 
when replaced. 

Another suggestion is that the rats have not had 
enough flesh diet and, when the young are born, eat 
them to satisfy their desire for meat. Here again I 
think there is no truth, provided plenty of grain and — 
vegetables are accessible. My rats have eaten their 
young when on a meat-grain-vegetable diet, as well as 
when on a grain-vegetable allowance. 

Dr. Slonaker suggests that the same motive, which 
leads the rats to eat their dead under natural conditions, 
might also cause them to eat their helpless young. 
This is in accord with the rat’s habit of killing off its 
weak. 

One of the reasons for eating the young, I think, might 
be found in the habit that mammals have of thoroughly 
licking their young, and in many cases eating the embry- 
onic membranes, even among the herbivorous animals. 
It seems but a little step from the eating of the placenta 
to the devouring of the young. There may be some 
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truth in all these theories, but I doubt if the principal 
cause has yet been suggested. 


CaRE OF THE YOUNG 


Before the young are born, the female builds a nest as 
elaborate as the means at hand will permit. Almost 
any sheltered nook about buildings is a suitable nesting 
place for the brown rat. On the farm, in addition to 
breeding about buildings, it digs its burrows in the field 
and nests in old straw stacks and grain still in the shock. 
The nest consists for the most part of a coarse sub- 
stance such as straw or corn husks, with a lining of a 
softer material, especially feathers when obtainable. 
Blue found that where rats use run-ways, they nest in 
a branch leading off from the main course. This branch 
is in the form of a Y with the nest in one arm and a 
storehouse in the other. 

The young at birth are entirely helpless. The mother 
gets them all together and then huddles over them for 
hours at a time. She never lies on her side to let the 
young suck; she always crouches over them while the 
young lie on their sides or backs to get hold of the teats. 
Usually all the young nurse at the same time, and a 
litter of twelve, at about weaning time, almost holds the 
female off her feet while they suck. 

The female can easily be induced to move her young 
elsewhere by disturbing the nest. The young only a few 
days old are caught around the body by the mother, but 
if they are a week or so old, she takes hold of them by 
the skin. In the latter case they are carried much as a 
kitten is carried by its mother. 

In the laboratory the female spends most of her time 
with the young; some even carry all their food into the 
nests. Taking food into the nest is a common habit of 
the rat and must not be considered as a trait peculiar to 
females with young. 

GRowTH 

The young at birth weigh on an average 6.4 grams. 

The males are a little the larger, measuring in body 
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length 52 mm. as compared with 49 mm. for the females. 
They also weigh more, and by the end of the second 
week are as much as two grams heavier. 

Very little change is noted in the appearance of the 
young the first two days, save a gain in size and strength. 
On the third day a change in color can be detected. The 
flesh tint is being replaced by a darker hue with a de- 
cided tinge of blue on the distal portion of the tail. 
Curiously enough, the tail is the first to show any marked 
change of color. On the fourth day, the tail is still 
darker and the flesh color of the dorsal parts has been 
replaced by a gray with a touch of blue. Up to this time, 
no hair is noticed except the vibrisse. By the end of 
the week the body is covered with a thin coat of very 
fine hair, which gives a delicate bluish-brown color. The 
coloring of the legs begin about this time with the palms 
of the feet, the joints of the toes and legs turning a 
bluish tint. The tail, in the meantime, has darkened al- 
most to the base and the nose turned nearly black. On 
the eighth or ninth day, the gray of the adult is noticed 
on the back of the head and neck, and with this as a 
center, it spreads until about the eighteenth day, when 
the whole color is that of the adult with the exception 
that it is darker and softer. 

The following is a diary of litter No. 18 for the first 
twenty-five days. The weights given are the averages 
for the whole litter. 

Day Wt. Grams Notes 
al 6.1 Flesh color; blind; ears closed; helpless. 
6.4 Able to right themselves if turned over. 
7.2 Color changing to bluish tint on the dorsal parts; tail color- 
ing from the distal end; no hair except vibrisse. 
8.1 Flesh color limited to the ventral parts; creeping about in 
the nest. 


9.0 Color a bluish-brown on the back and sides. 
9.8 


11.5 Sparsely covered with short fine hair. 
Faint brownish tinge on the back of the head and neck; tail 
a dull blue except about 4 mm. at its base; joints of the 
feet and legs, also the palms of the hind feet, blue; 
under parts, pinkish. 
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Dorsal parts, a delicate brown; nose, almost black; incisors 
appear in the upper jaw. 

Heels almost black; rest of coloring the same as yesterday; 
one seen sitting up and washing its face. 

Lower incisors appear (all the incisors appear on the same 
day in some cases; usually the lower appear a day later 
than upper). 

All the dorsal parts are brown. 


Eyes beginning to open; one young attempted to bite me. 
All have their eyes open; color the same as that of the adults 
except that it is darker and softer. 


Found the young hungry and when given a dog-biscuit, they 
ate it greedily. It is probable that they began taking 
solid food the first or second day after cutting their lower 
incisors, and judging from their weights, yesterday was 
the first day they did not have food they could eat. 


From now on there is little change noticed except increase in 
size. The young have grown rapidly from the first with- 
out the initial loss of weight as found in human infants, 
or even a marked retardation as found in guinea-pigs 
by Minot. 

During the sixth week the young are weaned. At this 
time they weigh fifty to seventy grams, and are able to 
take care of themselves, provided food is abundant. I 
have seen a number of rats of about this age and size 
wandering about, in or around farm buildings, appar- 
ently, in a starved condition. Presumably, these had 
just been weaned and were unable to find suitable food. 

If food has been abundant the males, by the end of the 
sixth month, weigh 230 to 290 grams while the females 
weigh 170 to 240 grams. The male and female of one 
of my pairs, kept throughout the year and which I 
judged to be in their third month when caught, weigh 
337 grams and 223 grams, respectively. My old male 
No. 5 weighs 460 grams and my oldest female, 345 grams. 
These data indicate that a rat does not reach its full 
growth before the end of the eighteenth month. 
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10 13.0 
11 13.8 
12 148 
13 15.1 
14 16.0 
15 169 
16 17.9 
17. 18.8 
18 19.8 
19 20.2 
20 21.0 
22 23.0 
23 23.9 
24 24.9 
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Sexual maturity is attained much sooner than full 
growth. One female of litter No. 11 conceived on the day 
she was four months old, hence giving birth to her first 
young in her fifth month. The males are sexually mature 
as soon as the females, and I have seen some indications 
that they may be mature early in their fourth month. 


CoNcLUSIONS 

1. The brown rat breeds in every month of the year. 

2. The gestation period is 234 to 25} days. 

3. The number of young per litter varies from six to 
nineteeen with an average of between ten and eleven. 

4, Five or six litters may be reared by a single pair in 
a year. 

5. Seven litters were born in seven months by one 
female and, presumably, twelve would be produced in the 
course of a year when all the young perish at birth. 

6. There is very little courtship among the brown rats. 

7. Odor is the primary factor in sex recognition; the 
aggressiveness of the male is second. 

8. Brown rats in captivity eat almost fifty per cent. of 
their young at birth. Most of the young eaten, if not all, 
are eaten by the females. 

9. Full growth is attained not under eighteen months. 


10. Sexual maturity is reached at least by the end of ° 


the fourth month in both sexes. 
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SHORTER ARTICLES AND DISCUSSION 


DATA, DIALECTICS AND OTHER DIGRESSIONS 


Some... persons vainly seek by dialectics and far-fetched arguments, 
either to upset or establish things that are only to be founded on 
anatomical demonstration, and believed on the evidence of the senses. 
He who truly desires to be informed of the question in hand, and 
whether the facts alleged be sensible, visible, or not, must be held bound 
either to look for himself or to take on trust the conclusions to which 
they have come who have looked; and indeed there is no higher method 
of attaining to assurance and certainty—William Harvey, Second Dis- 
quisition to John Riolon, Jun. 


To THE EpITOR OF THE AMERICAN NATURALIST: 

My reasons for asking you to publish the above from your Sep- 
tember, 1911, issue are two: the text is excellent; the sermon is 
wide of the mark. 

The text, the reader will have noted, heads a latest contribu- 


tion to our knowledge of egg production in the domestic fowl? 
which Dr. Pearl has been prevailed upon to write up by the con- 
viction that certain criticisms? ‘‘rest on either a misconception 
of what our results really are, or else a lack of understanding of 
the real facts regarding certain of the biological points in- 
' volved.’’ For his ‘‘endeavor, if possible, to remedy this defect in 
some degree at least’’ those biologists who are thereby instructed 
in matters of fact will doubtless be grateful. 

The obvious implication of Dr. Pearl’s quotation from Harvey 
and of his concluding remarks is that my arguments concerning 
the genotype concept are of a purely scholastic and ‘‘far- 
fetched’’ order. 

In consideration of these implications and in justice to my 
paper which appeared in your June number may I eall your 
readers’ attention to the following points? 

First. I certainly did not ‘‘. . . seek by dialectics and far- 
fetched arguments, . . . to upset . . . things that are only to 

*Pearl, R., ‘‘Biometric Arguments regarding the Genotype Concept,’’ 
Amer. Nat., Vol. 45, pp. 561-566, 1911. 


* Harris, J. Arthur, ‘‘The Biometric Proof of the Pure Line Theory,’’ 
AMER. Nat., Vol. 45, pp. 346-363, 1911. 
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be .. . believed on the evidence of the senses.’’ Unfortunately 
for Pearl’s excellent-in-itself quotation, the genotype theory is 
not a pickled specimen concerning the structure of which all the 
anatomists who can crowd around the table will agree. Quite 
to the contrary, it is a far-reaching generalization of the kind 
which should not be accepted until it has been shown not only to 
deseribe and epitomize the results of great series of actually ob- 
served facts but to stand every test which can reasonably be ap- 
plied to it. A careful examination of all the pure line literature 
known to me had convinced me that in the enthusiasm for the 
new theory the elementary principles of scientific reasoning were 
often ignored and matters of plain common sense overlooked. I 
had frequently found biologists enthusiastically supporting the 
popular theory without knowing what its essential implications 
are. It seemed useful, therefore, to ‘‘state the fundamental prob- 
lems of the pure line theory as they appear to the biometrician”’ 
and to eall attention to some of the weak points in arguments in 
its support. Judging from some of the vagaries encountered in 
the genotypic literature since then, I fear that my plea for more 
caution, less assumption and less reasoning in circles in our 
theorizing about ‘‘sensible, visible’? facts was rather wasted 
effort. 

Second. My paper was written before Pearl’s preliminary 
publication of the results of individual pedigrees in the same 
number of the AMERICAN NATURALIST, and before his advance 
statements concerning correlation in the paper just issued. If , 
new and pertinent facts prove that my views were wrong the 
views will be discarded. When Dr. Pearl has given us all the 
data and not adumbrations merely—when all the cards are down, 
face up on the table—it will be time for a critic to show reasons 
for differences of opinion or to admit that he was wrong. Until 
that time it seems foolish—in fact dangerously near dialectics— 
to squander in argument space that might be used to publish 
tables of data. In passing, I must remind the reader that our 
present sore need is not possible illustrations of the genotype 
theory if valid but critical evidence*® for or against it. 

* Very unfortunately Pearl’s sentence, ‘‘So far as concerns .. . his per- 
sonal opinion of the critical value of the work done in this laboratory no 


discussion will be entered upon by the present writer’’ cuts two ways. 
Some of those who have not read what I really said will conclude that 
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Third. Insinuations concerning dialectics may perhaps justify 
a digression concerning data. During the past five or six vears 
some 100,000 countings, weighings, measurements, etc., bearing 
directly on the problem of pure lines in garden beans—the 
species on which Johannsen based his studies—have accumulated 
in my notes. These data have taught me how idle it is to discuss 
the pure line problem without the most refined biometric analysis 
of large masses of data. Such analysis necessarily proceeds with 
disheartening slowness. But I have been able to see no advan- 
tage in dragging this material through a long series of prelimi- 
nary papers necessarily based upon uncompleted work. When 
the data are all in, and arranged in an orderly manner they will 
be honestly set forth as ‘‘an accumulation of plain, unadorned 
facts, available to any one’s inspection.”’ 
J. ARTHUR Harris. 
SPRING HARBOR, 
September 15, 1911. 


actually or tacitly—and quite unfairly—I drew in question the accuracy 
or trustworthiness of the observations. Others will do Dr. Pearl the in- 
justice of thinking that if a criticism was made there was probably some 
justification for it. Both will be quite wrong. In five different places I 
drew attention to the importance of the work of Pearl and Surface and 
emphatically stated that our differences—which as yet I see no reason to 
cancel out—are merely those of interpretation. What I actually said was, 
‘*The work of Pearl and Surface with poultry and maize seems to me to 
have no critical bearing on the pure line problem.’’ Critical bearing which 
I wrote seems to me to convey a meaning quite different from critical value 
which Dr. Pearl writes. A judge might recognize the critical value of an 
expert’s observations and yet fail to see that his testimony had any critical 
bearing in a ease. 


NOTES AND LITERATURE 
DARWINISM AND HUMAN LIFE 


PROFESSOR JAMES ARTHUR THOMSON’S recent! book under the 
title of ‘‘Darwinism and Human Life’’ is most attractive read- 
ing. Professor Thomson thinks independently and writes fasci- 
natingly. He gives even the most familiar of subjects new color 
and atmosphere. 

The matter of the book was given in 1909 as the ‘‘South 
African Lectures,’’ whose ‘‘chief aim was to explain the gist of 
Darwinism.’’ An endeavor was made to add to the necessarily 
general and somewhat familiar content of the lectures, sugges- 
tions of how ‘‘Darwinism touches every-day life, in farm and 
garden, in city and empire.’’ 

The Darwinian reader interested by this prospect of finding 
his old wine put into new bottles runs rapidly through the 
chapters with the familiar headings of What we owe to Darwin, 
The Web of Life, The Struggle for Existence, The Raw Materials 
of Progress, Facts of Inheritance and Selection: Organic and 
Social, nosing for Darwinism and Human Life. And he finds 
himself rather disappointed at first, for he does not discover as 
much of the practical interlocking of Darwinism and human 
affairs as perhaps he felt justified in expecting. But in the last 
chapter he does find it more obviously and in more abundance , 
than elsewhere and he begins really to read. And lo, when he 
stops reading he finds that he has read the book, all of it, 
backwards! And is very glad he has. At any rate, all this is 
what I did. 

Professor Thomson is a good selectionist; though not a bad 
one; that is, not one who has an all other possible evolution 
factors—phobia. However, Darwinism for him rests on, or is, 
mostly selection. And it is the possible play cf selection in 
human life, its play among individuals, among societies and 
among races, on which most of his direct application of evolu- 
tion knowledge to human affair rests. Hence organic selection, 
social selection, eugenics, selection of Utopias, reversed human 


1Thomson, J. A., ‘‘ Darwinism and Human Life,’’ 245 pp., frontispiece 
(Charles Darwin), 1910, H. Holt & Co., New York. 
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selection, and the like, are the subjects of his more concrete 
‘‘Darwinism and Human Life’’ paragraphs. But Professor 
Thomson recognizes the broader aspect of his subject. He sees 
that all of Darwinism, in its very broadest sense, has interrela- 
tion with all of human doing and becoming. And it is this 
recognition, and the constant suggestion of it, everywhere in his 
discussion of the familiar subjects of the ‘‘gist of Darwinism,’’ 
that make even the practised Darwinian reader read with fresh 
interest the whole of the book; even if he does happen, as your 
reviewer did, to do it backward! 
V. L. K. 


STANFORD UNIVERSITY, CAL. 
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